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EXECUTIVE SUMMARY 


EW-201135, Coupling Geothermal Heat Pumps (GHPs) with Underground Thermal Energy 
Storage (USTES) was proposed because, in the US, the fundamental design of GHP systems, 
with their underground Groundloop Heat Exchanger (GHX) or water supply wells, has been 
largely unchanged for decades, while the international design community has progressed to more 
innovative and efficient architectures. Energy consumption associated with Heating, Ventilation 
and Air-Conditioning (HVAC) systems are generally a significant contributor to a building’s 
entire energy consumption. In pursuit of reducing energy consumption, the HVAC industry is 
typically progressing to develop various types of HVAC technology to help reduce the energy 
consumption of an associated HVAC system. Historically, conventional GHP HVAC systems 
are considered one of the most, if not the most efficient active HVAC systems. Most DoD (and 
non-DoD commercial) facilities in many geographic regions are cooling dominated due to the 
consistent presence of cooling loads associated with people, lights and equipment (computers, 
copiers, monitors, etc.). Furthermore, most HVAC systems used in the Southeastern (SE) US 
(the region where both ESTCP projects were accomplished), are significantly cooling dominated. 
Typically, DoD facilities have imbalanced cooling versus heating loads, which in some 
applications, can have annual cooling loads that are as much as 5-10 times more than the annual 
heating loads. For a conventional GHP system, this load imbalance, over time, can lead to 
higher supply water temperatures and cause the operating efficiencies (EER or COP) of the 
water-cooled equipment to decrease. In extreme cases, the supply water temperatures can 
increase up to the point where the water-cooled equipment can fail/fault due to high refrigerant 
pressure safeties. Most designers either design the geothermal field large enough to account for 
the load imbalance or they design a “hybrid” geothermal system, which utilizes a cooling tower 
or dry fluid cooler as a type of peak shaving heat rejection device during the hottest of 
conditions. HVAC systems with Underground Thermal Energy Storage (UTES) capability, 
whether seasonal (USTES), or Diurnal (UDTES), do not necessarily have to reject (or extract 
when heating dominated) heat during peak conditions. In retrospect, since both the Borehole 
Thermal Energy Storage System (BTES) installed at the Marine Corps Logistic Base in Albany 
Georgia (MCLB) and the Aquifer Thermal Energy Storage (ATES) installed at Ft. Benning 
Georgia (GA) both are capable of diurnal and seasonal storage, this project would more aptly be 
named simply Coupling GHPs with UTES. The only known BTES in Canada, over the course if 
its execution found that its diurnal component was as, or more important than its seasonal 
component. 


The objective of this demonstration was to fully maximize the inherent advantages of the 
geology and hydrogeology accessed by means of Ground-loop Heat Exchangers (GHX) with 
closed loop systems or via direct ground water use with open-loop systems, which conventional 
GHP systems in the U.S. are not designed to achieve. Deliberately engineered UTES systems 
not only allow for the waste heat of cooling systems and the waste cool of heating systems to be 
captured, but also allow for the out-of-season capture of the winter’s “cold” or summer’s “heat” 
(from the air or via solar thermal collectors), if needed, in cooling-dominated or heating- 
dominated buildings, respectively. 


ES-1 


This demonstration project involved the implementation of high-efficiency GHP systems, 
coupled with an UTES system, at two locations in the SE U.S. to provide a sustainable 
infrastructure with higher energy savings than conventional geothermal systems, but with lower 
installation cost. The demonstration project at MCLBA coupled GHPs with a particular form of 
UTES commonly known within the international community as BTES. The demonstration 
project at Fort Benning, GA coupled GHPs with a particular form of UTES known 
internationally as ATES. Both systems, at proper scale, demonstrate significant capital cost 
benefits, while concurrently demonstrating significant reduced annual energy consumption when 
compared to conventional HVAC systems and even conventional GHP systems when compared 
at proper scale. 


As part of the demonstration project, several quantitative performance objectives were proposed and 
evaluated as part of the overall performance. Table 0.1 lists a brief summary of the quantitative 
performance objectives and the results from the demonstration project. All but one of the 
performance objective were achieved as part of this demonstration project. Each of those successful 
non-binary (100%) reductions exceeded their target reductions (when examined as a ratio) by a 
range of 1.38 to 1.76. The only performance objective not satisfied was the proposed Greenhouse 
Gas (GHG) Emissions associated with fossil fuel source energy production of air-source heat pumps 
vs. GHPs. Even so, those reductions were significant (26.5% to 32.5% reductions for ATES/BTES 
respectively and probably due to modeling difficulties that, if resolved, might show a greater 
reduction. Overall, the demonstration project illustrated a successful performance evaluation for the 
implemented technology and it is hoped opens up two new architectures of HVAC system that can 
create significant energy and water savings for DoD and others. 


Table 0.1. Brief Summary of Performance Objectives 


PERFORMANCE OBJECTIVES 


Results 


Success | 


be | Criteria 


Performance Objective 


Quantitative Performance Objectives 


Facility GHP-USTES HVAC Energy Intensity BTES: 47.5% Reduction 
Energy Usage vs. Conventional | (MMBtu/ft? or 30% Reduction 


HVAC kWh/ft’) ATES: 52.7% Reduction 
Facility GHP-USTES HVAC Energy Intensity BTES: 15.1% Reduction 
Energy Usage vs. Conventional | (MMBtu/ft? or 10% Reduction 
GHP HVAC kWh/ft’) ATES: 13.8% Reduction 
7 0 4 

Water Usage by On-Site 80-100% BEES: 00a Se anenon 
Conventional Cooling Tower Ware <(allons) Reduction 

Pers ree ATES: 100% Reduction 
Direct On-Site Greenhouse Gas | Direct on-site fossil 100% BTES: 100% Reduction 
(GHG) Emissions for HVAC fuel GHG emissions oy are i 
Space Heating (metric tons) ATES: 100% Reduction 
Installed Cost Of GHP-BTES HVAC Construction é : ‘ . 
vs. Conventional GHP Systems __| Cost ea ee aacuon, | 222075 sone om 
Oteenheuse tas Emissions as Source fossil fuel BTES: 32.5% Reduction 
Source (Power Plant) to power aie : 
ifto-Aae Heal Puede, GUE: GHG emissions 40% reduction 

Bees (metric tons) ATES: 26.5% Reduction 


USTES System 
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10 INTRODUCTION 


This project was proposed because the “conventional architectures” of Geothermal Heat Pumps 
(GHP) in the United States do not fully maximize the inherent advantages of the geology they 
access by means of Ground-loop Heat Exchangers (GHX) with closed loop systems or via direct 
ground water use with open-loop systems. Deliberately engineered Underground Seasonal 
Thermal Energy Storage (USTES) systems allow not only the waste heat of cooling systems and 
the waste cool of heating system to be captured, but also allow for the out-of-season capture of 
the winter’s “cold” or summer’s “heat” if needed in cooling dominated or heating dominated 
buildings respectively. Installing a USTES system within the boundaries of a military installation 
(“inside the fence”) is a perfect way to increase energy security and provide an alternate means 
of utilizing renewable energy at Department of Defense (DoD) installations worldwide. 


1.1 BACKGROUND 


With the billions of dollars DoD spends on procurement of energy and water, this USTES project 
neatly intersects the energy-water nexus by significantly reducing both energy and water 
consumption at DoD facilities. Combining Geothermal Heat Pumps with a USTES in this 
demonstration allowed DoD to utilize the "inside the fence" (secure) native geology/ground 
water to store both waste heat and "waste cooling" to reduce electrical and water consumption 
and eliminate on-site fossil fuel consumption and the associated greenhouse gas emissions. 


To heat their buildings, DoD currently primarily burns fossil fuels, utilizes electric resistant heat 
or extracts heat from the cold winter air via heat pumps and then the "waste cooling" of the heat 
pump is discarded into the ambient air where it is carried away by convection and wind. Cooling 
is typically accomplished by either air-cooled condensing units or water cooled chillers that are 
assisted by cooling towers that evaporate millions of gallons of water for heat rejection. 


DoD rarely takes advantage of the local geology by utilizing Geothermal Heat Pumps which 
allow access to the superior heat sink/heat source/energy storage capability of the underground. 
The demonstration team is unaware of any previous DoD attempts to couple GHPs with USTES 
and seasonally store waste heating/cooling as this project accomplished. 


1.1.1. Brief Technology Description: 


There are two variations of USTES featured in this demonstration: Borehole Thermal Energy 
Storage System (BTES) and Aquifer Thermal Energy Storage System (ATES). The BTES 
technology demonstrated in this project at Marine Corps Logistics Base, Albany Georgia is a 
closed loop Ground Heat Exchanger (GHX) system that utilizes a bore field configured in a 
bullseye pattern, an adiabatic dry cooler, and reversing valves to redirect flow into the perimeter 
or the core of the bore field depending upon the season. The principle of operation for this 
technology is to utilize the adiabatic dry cooler in the dry mode during periods of cold outside air 
temperatures to efficiently dump heat from the building and bore field to the outside air and 
therefore “charge” the core of the bore field with “cold”. In the opposite season, the reversing 
valves change position to use the stored energy from the core of the bore field to cool the 
building. Given the geographic location of the BTES, it is not designed to store heat for heating 
in the building during the heating season. The BTES contains sufficient heat to accomplish this if 
needed, but the main source of heat for the building comes from the modular heat recovery chillers. 


These chillers use the waste heat from the chilled water loop and the heat of compression to 
produce heating hot water. If this particular building were located in a colder climate, the BTES 
could be designed as a “hot” BTES to store heat during the cooling season. 


The ATES technology featured at a different location (Ft. Benning, GA) is similar to the BTES 
mentioned above, but is an open loop system instead of a closed loop. With the ATES 
technology, energy is stored in the aquifer in either the cold well or the warm well. These wells 
are located approximately 500’- 600’ apart. During the cooling season, cold water is pumped 
from the cold well and used to cool the building. The heat extracted from the building is then 
injected into the warm well. During the heating season, warm water is extracted from the warm 
well and used to heat the building. An adiabatic dry cooler is then used to efficiently dump 
additional heat to the air during times of cold outside air conditions. This helps to balance the 
load between heating and cooling, and allows for additional cooling to be stored in the cold well. 
After the water leaves the building or dry cooler, the cold water is injected back into the cold 
well where it is stored for use again in the cooling season. 


1.1.2 Benefit: 


The major benefit of this technology over conventional HVAC systems and even conventional 
geothermal systems is that ATES and BTES both allow the geo system to become more efficient 
over time by removing more heat from the geology than is injected. This can be done efficiently 
using an adiabatic dry cooler in the dry mode during the time of cold outside air temperatures. 


An additional benefit of this technology is its potential reduction of water. Initial cooling tower 
water consumption for the BTES project measured prior to BTES installation was approximately 
3 million gallons. However, the cooling tower had excessive scale build-up, and per the chemical 
provider company, the cooling tower should have been using approximately 4.3 million 
gallons/year to satisfy the Cycles of Concentration (CoC) requirements. At Ft Benning, the 
annual cooling tower water consumption prior to installing ATES is estimated to be 
approximately 166,000 gallons/year. Installing the new BTES and ATES systems has completely 
eliminated the need for potable water by the HVAC system. 


1.2 OBJECTIVE OF THE DEMONSTRATION 


The objective of this project was to successfully demonstrate that a high-efficiency GHP System, 
coupled with an USTES system could provide truly sustainable infrastructure with higher energy 
savings than conventional geothermal systems, but with lower installation cost and thereby 
address DoD’s substantial building energy consumption issues in a widely deployable and more 
affordable manner. One project coupled GHPs with a particular form of USTES commonly known 
within the Industry as Borehole Thermal Energy Storage (BTES). Another similar project coupled 
GHPs with a particular form of USTES commonly known within the Industry as Aquifer Thermal 
Energy Storage (ATES). The BTES systems demonstrated significant Capital Cost reductions from 
conventional GHP systems while both technologies concurrently demonstrated significant 
reduced annual energy consumption when compared to conventional Heating, Ventilation and 
Air Conditioning (HVAC) systems and even conventional geothermal (GHP) systems. 
DoD can have no greater energy security component than an on-site system that places a large 
portion of the thermal energy needed to heat and cool its buildings safely underground and 
provides a means to harvest and store its already pre-existing waste heat and waste cooling. 


USTES systems do not need the wind to blow, the sun to shine, nor the clouds to stay away to 
work effectively. 


1.2.1 Issues Validated: 


The project validated the performance, costs, and benefits of the technology by monitoring and 
comparing the existing energy and water consumption of the buildings before and after the 
GHP/USTES technology was deployed and by carefully tracking the costs associated with its 
installation and presenting this data in report form. 


Overall the BTES system compared to the conventional HVAC system consisting of a water 
cooled chiller, cooling tower, and natural gas boilers has shown approximately a 48% reduction 
in energy consumption. Before the demonstration project was installed, the existing 400-ton 
cooling tower water use (evaporative plus blowdown) was monitored and metered at 3.2 million 
gallons per year. However, after observing the condition of the cooling tower, its operation was 
discussed with the chemical treatment company servicing the cooling tower. Through that 
discussion, it was calculated that the cooling tower was operating at a higher cycle of 
concentration than required. For each gallon of water evaporated, a lower cycle of concentration 
requires additional blowdown water use than a higher cycle of concentration. Through that 
calculation, it was determined that the existing cooling tower operating at a proper cycle of 
concentration would use approximately 4.3 million gallons per year due to its operation at lower 
cycle of concentration. Therefore, due to the elimination of the existing 400-ton cooling tower 
and no operation of the dry cooler’s adiabatic evaporative cooling function, the water use 
reduction associated with the demonstration project is 4.3 million gallons per year. The BTES 
system has a calculated payback of approximately 11 years. 


The ATES system compared to the conventional HVAC System (Chilled water multi-zone air 
handler connected to a central chilled water plant and a local natural gas boiler.) has shown 
approximately a 52.7% reduction in energy consumption. 


Since the AHU chilled water coil was connected to a central chiller plant, accurate metering of 
the cooler tower water use associated with the building’s operation was improbable. Therefore, 
the annual chilled water demand was metered and used to calculate the building’s water use 
associated with the central plant’s cooling tower operation. The metered chilled water demand 
was adjusted by 1.25 to account for the heat added by the compressor’s operating in the central 
plant chillers to determine the building’s share of heat rejection by the central plant cooling 
towers. Since approximately 1,050 BTUs are required to evaporate one pound of water, the heat 
rejection calculation can be converted to gallons of water evaporated by the cooling tower by 
dividing the heat rejection number by 1,050 BTUs per pound and 8.33 pounds per gallon. A 
reasonable cycle of concentration was also used for the Fort Benning area to determine the 
approximate water use associated with blowdown. After calculating both evaporative water use 
and blowdown water use, it was determined that the water usage had been reduced by 
approximately 166,000 gallons per year. The ATES system has a calculated payback of 
approximately 10 years. 


1.3 DRIVERS 


Many Executive Orders, Policies, Industry Standards, Mandates and Regulations are pushing all 
DoD entities to lower energy and/or water consumption. Some examples of these drivers and 
their relationship to this project are as follows: 


1.3.1 Executive Orders: 


EO 13514, “Federal Leadership in Environmental, Energy and Economic Performance” stresses 
Sustainable Buildings, greenhouse gas reduction, water efficiency and most of the aspects of EO 
13423. EO 13423, “Strengthening Federal Environmental, Energy and Transportation 
Management” mandates reducing energy intensity and water intensity and increasing renewable 
energy consumption. USTES in both its forms proposed for this project (BTES and ATES) 
provide a means for accessing not only the renewable energy of the earth itself, but also allows 
the renewable (annually recurring) waste heat and waste cooling of the building to be captured 
and seasonally stored for use in the opposite season. Due to their inherently efficient nature (due 
to lower/higher heat sink/source temperatures) energy intensity reduction is always achieved 
with these systems. Evaporative cooling needs are greatly reduced by the USTES system’s 
capability of releasing its heat in winter when the heat can easily flow from the loop into the 
ambient air. This means the massive (approximately 4.3 million gallons annually at our BTES 
site at MCLB, and approximately 166 thousand gallons annually at our ATES site at Ft Benning) 
water consumption associated with a standard cooling tower can be drastically reduced or 
eliminated. The Veterans Administration (VA) has recognized the benefits of ATES and sought 
sources (March 2013) of engineering/technical support to help them with an upcoming feasibility 
assessment for an ATES system at two Medical Centers in Ohio. The solicitation quoted both of 
the above standards and the Energy Policy Act of 2005 (EPAct 2005) mandate below as the 
requirements that led to this project. 


1.3.2 Legislative Mandates: 


EPAct 2005 mandates an increase in the use of renewables and the procurement of energy efficient 
products and this project meets both of these objectives. The decision to utilize a modular chiller 
with heat recovery capabilities (BTES system at MCLB) means that when operating in the heat 
recovery mode, the effective COP of the unit increases dramatically as a single compressor does 
the work of two, creating chilled and hot water simultaneously. The Energy Independence and 
Security Act of 2007 proposes energy reduction goals for all Federal buildings and the USTES 
system will make a substantial difference in both buildings where it is installed. 


1.3.3. Federal Policy: 


The Federal Leadership in High Performance and Sustainable Buildings MOU 2006 brought 
together 16 Federal Agencies to commit to design, construct and operate their facilities in an 
efficient and sustainable manner. The replacement of the existing HVAC systems at both the 
BTES site at MCLB and the ATES site at Fort Benning have achieved the goals of this 
memorandum by: Reducing the total ownership cost of facilities; Improving energy efficiency 
and water conservation; Providing safe, healthy, and productive built environments; and 
Promoting sustainable environmental stewardship. 


1.3.4 DoD Policy: 


Strategic Sustainability Performance Plan, Energy Security MOU with DOE, the Army Energy 
Security Implementation Strategy, the Navy’s Task Force Energy and the Air Force Energy Plan 
all seek the energy efficiency and renewable energy benefits that can be provided by a system 
such as those provided by coupling GHPs with USTES. 


1.3.5 Guide: 


The Whole Building Design Guide (http://www.wbdg.org/) describes the use of geothermal 
and groundwater cooling specifically as one of the ways to employ renewable 
energy resources in buildings. More information is at (http://www.wbdg.org/design- 


objectives/sustainable/optimize-energy-use) and (http://www.wbdg.org/resources/high- 


performance-hvac?r=minimize_consumption) 
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2.0 TECHNOLOGY DESCRIPTION 
2.1 TECHNOLOGY OVERVIEW 
2.1.1 Description and Schematics: 


This project proposed taking the existing technology of GHPs, which is somewhat 
known/implemented within the DoD community and coupling it with another technology, 
USTES, which is virtually unknown in the U.S., and to our knowledge, not previously installed 
at DoD installations. This project sought to demonstrate that this marriage of GHPs and USTES 
can truly define “Sustainable Infrastructure” and is innovative in the realm of HVAC systems. 
We believe it is uniquely aligned with the energy and water goals and policies of DoD. 


e Overall System Configuration: This project included the installation of two system types 
of GHP-USTES HVAC systems, with each of these system types being installed in their own 
unique (separate) building. The buildings that received these GHP-USTES type HVAC 
systems were existing DoD facilities that were in need of replacement HVAC systems due to 
the age/condition. These two buildings/systems are located at two geographically separate 
DoD installations as described in Section 4.0. 


— BTES 


Building 3700 at MCLB received 6 heat recovery modular chillers capable of 
simultaneous heating and cooling. The building’s existing ductwork and air distribution 
system was re-used where possible. The air handling units (AHUs) are approximately 
eight years old and were re-used. The system architecture is a four-pipe chilled water 
(CW)/hot water (HW) system that is distributed to variable air volume (VAV) AHUs (six 
each) with CW coils and VAV terminal boxes (105 total) with HW coils. The AHUs 
were reused whereas the VAV boxes were replaced with new VAV boxes equipped with 
deeper (four-row) HW coils to accommodate the lower temperature water produced by 
the six-new modular heat recovery water-to-water Geothermal Heat Pumps. The 
building’s GHP was connected to closed loop system comprised of 306 conventional 
underground grouted vertical boreholes with HDPE u-bends, but has an active outdoor 
adiabatic dry cooler. The dry cooler is optimized, from a construction and 
control/operational perspective, to capture the cooling energy of winter and store this 
energy in the underground formation for use in the peak summer months. This style of 
USTES is commonly referred to as a Seasonal Borehole Thermal Energy Storage system 
or simply “BTES”. This particular form of GHP systems with USTES can be more 
specifically described as a GHP-BTES system. 


— ATES 


Building 3215 at Ft Benning received conventional, off-the-shelf water source heat 
pumps suitable for GHP duty, along with the necessary ancillary associated HVAC sub- 
systems like ductwork, piping, pumps, etc. The building’s existing ductwork and air 
distribution system was re-used where possible. Fort Benning’s AHU was at the end of its 
life span, and of an antiquated design (multi-zone), which was replaced by seven small GHPs 
that are of the water-to-air design that also function as the air handling units. 


The ATES system at Fort Benning includes an outdoor adiabatic dry-cooler, but utilizes 
an open loop system of four wells to directly extract/inject the native ground water 
from/to the local aquifer. This configuration is NOT the same as conventional open loop 
GHP systems that have dedicated extraction wells that are never used as the injection 
wells and vice-versa. The Fort Benning open loop is properly known as a seasonal 
Aquifer Thermal Energy Storage system or simply “ATES”. It is fundamentally/ 
thermodynamically/physically different compared to conventional open loop systems in 
that each well can function as an extraction or injection well. Together, this system can 
be described as a GHP-ATES system. 


Specific HVAC System Configuration Description (BTES): 


Borehole Thermal Energy Storage (BTES) 


Capturing the “Cold of Winter” and utilizing it for summer cooling 


During the Building's heating mode in Winter its aw 

HVAC System also acts to provide initial chilling Winter 

of loop water and therefore chill the undergound r 

formation, for later "harvesting" In Summer. ~] wh Sreration 
ing 
Yemand "Cooling Dominant" building 
3 lege oe (on an annual basis). 
"Dry-Cooler" to further actively chill the ial 


ground loop water in Winter and therefore 
chill the underground formation for later 


pare in 1 Summer. 


Ground L evel. 


Figure 2.1. Borehole Thermal Energy Storage (BTES) Overview 


1. 


General 


This section describes the technology in sufficient detail to provide an understanding of 
its theory, functionality, and operation. For a more detailed description of the BTES 
technology, see Appendix B. The BTES GHP HVAC system operates similar to other 
typical GHP HVAC systems. Heat is removed from the building and delivered to the 
earth though vertical boreholes. Note: Heat is also removed from the earth and added to 
the building during dedicated heating mode, but this will rarely happen since the building 
is typically heated using heat recovery. There are two fundamental differences in the 
BTES system from a traditional Geothermal System. 


a. The BTES system utilizes two adiabatic dry coolers, see Figure 2.4. The dry cooler 
has two functions: 


i. To reject heat from the building anytime it can be rejected efficiently using just 
the ambient air. This allows the cooling-dominated system to be balanced so as to 
not overheat the bore field over time. 


ii. To seasonally reject additional heat from the bore field any time it can be rejected 
efficiently (i.e. — winter) and therefore store cooling capacity in the earth. 


b. The BTES bore field consists of 306 vertical boreholes configured in concentric 
circles as a “bullseye” shape, see Figure 2.2. This bullseye pattern allows storage of 
the cooling capacity created by the dry cooler in the center (core) of the bore field. 
Storing the cooling capacity in the core allows the outer layers of the bullseye to act 
as an insulating layer to preserve the cooling capacity. 


Figure 2.2. BTES Bore field/Vault/Adiabatic Dry-Cooler Layout 


Figure 2.3. Typical Sub-Circuit/Three-Series Borehole Schematic for the BTES 


Figure 2.4. Adiabatic Dry Coolers 


2. Heat Recovery Modular Scroll Chiller 


The cooling and heating medium for the building is 
chilled and hot water. The chilled and hot water is LN 
produced by a heat recovery chiller manufactured by (> ye uy 
Clima-Cool. The heat recovery chiller operates Wy 
differently compared to a traditional chiller. The heat — 


recovery chiller has 6 different water connection points: = |= %& Za 

a. Chilled Water Supply INN 
b. Chilled Water Return ATTA 
c. Hot Water Supply SSS 
d. Hot Water Return 


Figure 2.5. BTES Bore field 
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e. Source (bore field) Water Supply 
f. Source (bore field) Water Return 


The heat recovery chiller has five separate modules, with two compressors per module. 

Each module can perform three different tasks. 

a. Create chilled water by injecting heat into the source water 

b. Create hot water by extracting heat from the source water and rejecting waste 
compressor heat. 


c. Create chilled and hot water simultaneously by moving heat from the chilled water 
directly to the hot water. 


The five different modules stage their compressors and switching valves to satisfy the 
chilled water and hot water supply set points. The modules also stage between each other 
to equalize runtime between the modules. See Figure 2.3. 


Load Hot 
Loop 
HOT WATER HOT WATER 
Source CHILLED WATER SOURCE WATER 
Loop OUTLET INLET 
CHILLED WATER SOURCE WATER 
| Loadcold = “ 
oadCo 


CONTROL 
Loop BOX 


Figure 2.6. | Heat Recovery Six-Pipe Modular Chillers 
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CHILLER-5 CHILLER-4 CHILLER-3 CHILLER-2 CHILLER-1 


HEAT RECOVERY MODULAR CHILLERS 


Chilled Water 


Figure 2.7. | Heat Recovery Chiller Piping Schematic Diagram 
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Dry Coolers 


GHX Rev. Valve 


g Dry Cooler Bypass Valve 


= 
GHX Rev. Valve 


Perimeter BTES Pump 


1st Floor Main Mech Rm 


Source Pump 


Heat Recovery 


VAV Boxes Modular Chillers 


Hot Water Pump ~ 


VAV AHUs 
Chilled Water Pump 


Figure 2.8. BTES Diagram 
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e Specific HVAC System Configuration Description (ATES): 


Aquifer Thermal Energy Storage (ATES) 


Capturing the “Cold of Winter” and utilizing it for summer cooling 


During the Building's heating mode in Winter : 
its HVAC System also acts to provide initial | Ane Bhi dens! 
chilling of loop water and therefore chill Aquifer mi | Peravon 
water, for later "harvesting" in Summer. . ee “Cooling Dominant" building 


Closed Water Loop (wi no Glycol) to rop.ant sieeual ash 


transfer heat to the atmosphere wat Closed Water Loop (w/ no Glycol) to 
during cool/cold weather condtions. : \ f : transfer heat Gee the groundwater 
. | g to the Building's 'S AC System. 


Figure 2.9. Aquifer Thermal Energy Storage (ATES) Overview 


1. General 


The ATES GHP HVAC system is different than at BTES in that ATES is an open loop 
system. Ground water is pumped from one well and injected back into the opposite well. 
Cooling capacity is extracted from the cold well and used to remove heat from the 
building. The heat that is removed from the building during cooling mode is injected into 
the aquifer at the “warm well”. During heating mode, heat is removed from the warm 
well and added back to the building. Before being injected back into the cold well, the 
ATES water can be diverted through the dry cooler heat exchanger during times of cold 
outdoor air temperatures to reject additional heat. There are two fundamental difference 
in the ATES demonstration system from a traditional Ground Source Heat Pump 
Geothermal System. 
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a. The ATES system utilizes one dry cooler, see Figure 2.12. The dry cooler basically 


has two functions: 


i. To reject heat from the building anytime it can be rejected efficiently using just 
the ambient air. This allows the cooling dominated system to be balanced to 
keep the cold well cold over time. 

ii. To seasonally reject additional heat from the warm well any time it can be 
rejected efficiently (i.e. — winter) and therefore store additional cooling capacity 


in the cold well. \ 


b. The ATES bore field consists of 4 vertical wells. Two wells are dedicated as cold 
wells, and two wells are dedicated as warm wells. Each well is equipped with an 
intake screen, a submersible pump, and an injection valve. This allows bi-directional 
flow into and out of each well. 


LEVEL TRANSDUCER INSIDE 
SCREENED “STILLING" TUBE 


HYDRAULICALLY 
ACTUATED 
INJECTION VALVE 


PIPK FOR MONITORING 
SCREEN 

PRESSURE 

le] apermelereni le} 


EXTRACTION/INJECTION WELL DETAIL 


SCALE 


INJECTION WELL CONTROLS 


ACCESS LID 


CONDUIT ENCLOSING HYDRAULIC 


TUBING TO ACTUAITE 
INJECTION VALVE {FDA 


APPROVED FOOD GRADE OIL) 


SAMPLING PIPE 


POWER WIRING 


BENTONITE 
ENVIRONMENTAL SEAL 


SUBMERSIBLE PUMP 
WELL CASING 


INTAKE SCREEN 


GRAVEL PACK 


BOREHOLE WALL 


SANDY 


1-310) 0) 0108818) 
AQUIFER i 


NONE 


Figure 2.10. ATES Well 


Flow Direction During Pumping 


Flow Direction During Injection 


ATES Injection Valve 
(Closed During Pumping) 


Multi-Stage 
Submersible Pump 


Sealed Pump Motor 


Figure 2.11. ATES Injection Valve 


Figure 2.12. Dry Cooler 
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Dry Coolers 


Injection Valve Injection Valve 


Cold Well | Warm Well 
Submersible Pump Submersible Pump 


Cold Well Warm Well 
ATES Wells 
jst Floor Mech Rm 


Dry Cooler Pump 


Heat Exchanger Heat Exchanger 


t 4 +t 


WSHP Re-circ Pump 


Figure 2.13. ATES System Schematic 


2. Water Source Heat Pumps 


Heating and cooling of the space is achieved by utilizing seven water source heat pumps 
located in a central mechanical room. The sizes of the heat pumps range from 
approximately 3 tons to 6 tons for a total of approximately 30 tons. 


3. ATES, Dry Cooler, and Loop Water Distribution System 
a. ATES System 


As stated above, the ATES system consists of a warm well and a cold well. In cooling 
mode, cool water is pumped via a submersible well pump from the cold well and is 
directed to the loop water plate and frame heat exchanger (HX-1). The cool water 
extracts heat from the loop water as it passes through the heat exchanger, and is then 
routed to the warm well. The water is then injected into the warm well aquifer via an 
injection valve located above the submersible pump in the warm well. In heating 
mode, warm water is pumped from the warm well and is then directed to HX-1. The 
ATES loop rejects heat to the building loop as it passes through the heat exchanger. 
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After leaving the heat exchanger, the ATES water then has the option of either 
flowing through the dry cooler or flowing directly into the cold well. If the difference 
between outside air temperature and ATES water temperature is great enough, then 
additional heat can efficiently be dumped to the air, in this case the ATES water 
would be directed to the dry cooler. After leaving the dry cooler, the cold water is 
then injected directly into the aquifer via an injection valve located directly above the 
submersible pump. 


b. Dry Cooler 


The dry cooler installed for the ATES project is similar to the two dry coolers 
installed for the BTES project, except that the ATES system dry cooler does not have 
an adiabatic cooling option. The dry cooler however does have the ability to utilize 
the Low Capacity Motor Management (LCMM) to reduce fan speed and stage fans to 
maintain tight control of the discharge water temperature set point. Water is pumped 
from the dry cooler plate and frame heat exchanger (HX-2) by two inline centrifugal 
pumps (lead/standby) located in the mechanical room into the inlet of the dry cooler. 
The ECM fan motors modulate their speed and stage their fans to cool the water to 
the desired set point. After the water leaves the cooling tower it is directed back to 
HX-2 where it removes heat from the ATES water and the cycle restarts. 


c. Loop Water System 


The loop water is cooled and heated by flowing through HX-1. HX-1 is adding or 
removing heat depending on whether water from the warm well or cold well is 
flowing through the opposite side of HX-2. Each individual water source heat pump 
contains an internal variable speed water pump that pumps the required amount of 
water from the loop through the heat pumps internal coaxial heat exchanger. The 
speed of the pump is controlled to maintain a pre-set AT between entering and leaving 
loop water. Each pump contains an internal check valve to eliminate the possibility of 
one pump pumping water through the inactive heat pumps. 


2.1.2. Chronological Summary: 


The basic heat pump (reverse Carnot cycle) at the heart of each GHP is approximately 100 
years old. GHPs themselves have been in use in this country for over 50 years. Yet, due to 
obscurity and other issues, GHPs have only achieved 1.5-2.5% market penetration in the U.S., 
while in portions of other countries have achieved a 10-fold or more market penetration of this 
remarkable technology. USTES has been very successful in the Netherlands, having been 
implemented in over 1000 projects. Ironically, though we consider America to be the most 
advanced country in the World, USTES is virtually nonexistent with perhaps two or three 
partial systems in place in the entire U.S. To supplement the in-house knowledge of 
conventional and hybrid GHP systems, a team was assembled to accomplish this project. It 
included the Dutch firm “IF Technology”, the world’s leading Engineering and Consultancy 
firm on USTES systems due to their successes in their home country. While GHPs coupled 
with USTES is new to DoD, globally speaking, it is not new from an equipment or engineering 
perspective. We found virtually all the components needed to deploy this technology on both 
of these projects were already manufactured in North America. With the exception of 
the proper control algorithms AH&P developed, all aspects of the systems were available. 
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The major hardware that was needed to implement the BTES and ATES system was pre-existing 
in the marketplace and was readily available for commercial deployment. 


2.1.3 Expected Applications: 


GHPs with USTES are a broad description of an HVAC system that comes in many 
arrangements making it very flexible for wide deployment within DoD. Specifically, and as 
illustrated by these projects use of “small” (30 ton), “large” (325+ tons), open loop (ATES), 
closed loop (BTES), water-to-air, water-to-water, DX, constant air volume, VAV, and 
chilled/hot water system sub-types, it is obvious that GHPs with USTES can be deployed in a 
wide variety of configurations. There are few buildings and/or sites within the DoD domain that 
cannot utilize GHPs with USTES as one of its various HVAC architectures. From conventional 
deployments of heating/cooling buildings or domestic water/process loads to unique 
deployments like runway snow-melt or even heat-pump-less systems that only embrace the 
USTES portion of this project to store other waste heat sources, solar-thermal, etc., the 
application of these core technologies is significant within DoD. 


e A unique and truly RENEWABLE HVAC system: GHPs coupled with USTES can 
harvest either the cold of winter’s air or the heat of summer’s air and store it in the 
underground formation. Depending upon the building’s dominant HVAC need, the 
stored energy can be used by the HVAC system when the facility’s dominant HVAC load 
occurs to increase energy efficiency and reduce energy consumption. When a building 
has an annual HVAC load profile that indicates it needs much more HVAC cooling 
energy than heating energy, it is considered to be “cooling dominant”. When a building 
has an annual HVAC load profile that indicates it needs much more heating energy than 
cooling energy, it is considered to be “heating dominant”. On rare occasions, (typically 
residential buildings in mild climates), the building’s annual HVAC load profile is 
considered balanced and conventional GHP systems work at their best, not generally 
needing the added benefits of USTES. Unfortunately, commercial/industrial/institutional 
buildings, like those that dominate the DoD inventory rarely have balanced annual 
HVAC load profiles. Commercial buildings, with their higher-than-residential occupant 
density (ft?/person), computers, higher lighting/equipment levels, etc., tend to be cooling 
dominant on an annual basis in all but the coldest climates. In cooling dominant 
buildings, it is desirable to harvest the available (and annually renewable) cold of the 
winter air and store this cooling energy in the underground formation and/or aquifer for 
later use during the cooling season. The inherent cooling of the GHP water loop as the 
GHP’s extract heat from the loop during winter operations for building heating purposes 
is also harvested. Buildings whose HVAC system’s load profile indicate that they are 
cooling dominant now have an underground summer time source of that cooling energy 
to utilize to maximize the efficiency of the GHPs and transfer the stored cooling energy 
into the building where it is needed. Similarly, harvesting the heat of the summer air to 
supplement the heat of rejection the GHPs during the cooling mode, and storing this 
annually renewable heat in the underground formation/aquifer allows this heat to be used 
in the heating season in buildings whose annual HVAC load profile indicates they are 
heating dominant. 
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e A Highly Energy Efficient System: GHP systems, when properly engineered, have 
been known for decades in this country and around the world as being one of the most 
energy efficient HVAC technologies that exist. Coupling GHPs with USTES concepts, 
equipment, controls & sequence-of-operation, allows this already efficient technology to 
be even more efficient. In cooling dominant buildings, this is achieved by lowering the 
overall annual temperature of the “heat sink” that is necessary for the operation of all 
Reverse Carnot Cycle systems (air conditioners/heat pumps). In heating dominant 
buildings, this is achieved by raising the overall annual temperature of the “heat source” 
that is necessary for the operation of all Reverse Carnot Cycle systems. The bottom line 
is that USTES significantly improves the Coefficient of Performance (COP) of GHP 
systems. While not the focus of this project, in certain climates/load profiles/geological 
conditions, it is possible to chill the loop water to a sufficiently lower temperature in 
winter to a point where this chilled water can be stored in the subterranean aquifer and 
utilized to directly cool the building without the use of compressors. This results in 
equivalent COPs of 20-40, versus COPs or 3-5 for conventional (reverse Carnot cycle) 
chillers/heat pumps. 


2.2 TECHNOLOGY DEVELOPMENT 


USTES systems are intended to maximize the energy savings of GHP systems Not only does an 
USTES system allow the waste heat of cooling systems and waste “cool” of heating systems to 
be captured, but it also allows for the out-of-season energy capture of the winter’s “cold” or 
summer’s “heat” in a cooling dominated or heating dominated buildings, respectively. 


2.2.1 BTES 


While there are operational BTES systems around the world, the BTES system demonstrated for 
this project is the first one of this configuration type and operation in the U.S. As known very 
well in the geothermal community, the size (i.e. total length of underground vertical piping) of a 
geothermal system heavily influences the installation cost. Greater energy savings can be 
achieved by installing a larger GHX, but the capital cost will also increase. . Two of the 
demonstration goals for this project were to increase energy savings over a conventional closed- 
loop system, and to achieve those energy savings at a lower cost than a conventional closed-loop 
geothermal system. 


The size of any engineered GHX is a function of many parameters, such as a building’s 
heating/cooling coil loads, the formation thermal conductivity (TC), thermal diffusivity and 
deep-earth temperature. Once these parameters are known, the grout TC and maximum/ 
minimum loop water temperatures are then selected. The optimum borehole spacing and overall 
bore field geometry is then determined. These variables, utilized in conjunction with the 
cooling/heating peak loads (kW or BTU/hr) and cooling/heating annual cumulative loads 
(kWh/yr. or BTUs), are used by most GHX modeling software programs to calculate the primary 
parameter of total length of vertical borehole piping needed. 
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The initial step in the design of the BTES GHX was to complete an energy model of B3700 at 
MCLB-Albany, GA to determine peak cooling/heating coil loads and annual cumulative 
cooling/heating coil loads. The energy model was also utilized to simulate B3700’s existing 
energy consumption. The eQuest software program (www.doe2.com/equest/, 2016) was utilized 
for calculating the heating/cooling loads, which was exported into TRNSYS (www.trnsys.com). 


Table 2.1. MCLB-B3700 Heating & Cooling Loads 


Cooling Heating 
Annual Cumulative 8,623,471,227 789,593,520 Btus 
Cooling-to-Heating 10.92 to 1.0 Ratio 
Peak 3,734,820 1,971,740 Btu/hr 
Peak 311 164 Tons 


This total borehole length can be a wide combination of quantity and depth to achieve this total 
length. In a standard GHX design, a designer would normally maximize the depth they believed 
the driller could achieve without encountering drilling or u-bend installation issues. Typical 
depths range from 200’ to 400’, although depths might be as shallow as 150’ or as deep as 600’. 
This would minimize the number of boreholes needed and therefore minimize the land area and 
rig mobilization/set-ups needed. Within reason and certain parameters, it is often desirable to 
maximize the number of boreholes with BTES system as it increases the quantity of interior 
boreholes, which are more useful for storage than perimeter boreholes. The aspect ratio (width- 
to-height) of the GHX is also important. If practical, with conventional GHX design you would 
want to maximize the ratio of the overall GHX surface area to the overall volume, whereas with 
heat storage in a BTES you would want to minimize this ratio. For cylindrical GHX designs, 
German designers generally recommend a GHX diameter slightly less than its depth below grade 
(VDI-4640, 2006). 


Several factors affected the design of the BTES GHX. To effectively design thermal zones and 
radial stratification into the GHX, it was determined at least three boreholes piped in series 
would be required. Initial performance simulations began with five thermal zones (i.e. five 
boreholes in series) with a depth of 200 feet. The boreholes were also arranged in what has 
alternately been described as a hexagonal, equilateral triangle or diamond shaped pattern. This is 
unlike normal U.S. GHX configurations of an orthogonal grid of boreholes laid out in a square or 
rectangular configuration. This configuration is used to provide optimum equal spacing between 
each borehole and its adjacent neighbor. It is also done to provide a more compact GHX with its 
overlying surface area 25% smaller than a rectangular patterned GHX (VDI-4640, 2006). 


The depth of 200 feet was chosen to minimize the BTES GHX pressure drop as the piping would 
be in series in lieu of parallel, as conventional GHX designs typically are. Given the series 
borehole design, careful consideration was given to pumping energy consumption to ensure the 
BTES GHX design would not maximize HVAC equipment compressor energy savings at the 
cost of increasing pumping power and energy consumption. 
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Borehole spacing was also considered in the BTES GHX design. Tighter/closer spacing was 
preferred, which was initially modeled in the performance simulations. However, after 
discussing the drilling conditions of the installation process with credible drillers, it was 
determined a spacing of no less than 20 feet would be utilized. The 20-foot spacing would allow 
sufficient spacing for the driller during the installation process, while minimizing the impact of 
using a less compact design. 


It is not atypical to incorporate a heat rejection (or heat injection) device with a GHX system. 
Generally, a GHX coupled with an auxiliary heat rejection/injection device is referred to as a 
hybrid geothermal system, which are not uncommon. A GHX coupled to a building with a 
higher cooling load than heating load will typically utilize an evaporative cooling tower as a 
peak load “shaving” device. In other words, the cooling tower will be used to reject some, if not 
all, of the cooling load from a building when GHX supply water (i.e. leaving water) temperatures 
are elevated. The reverse of this would be the use of a boiler when a building has a higher 
heating load than cooling load. While evaporative cooling towers can be a cost-effective option 
for a geothermal system, they can be very maintenance intensive if not properly taken care of. It 
is also not unusual for a GHX to be slightly undersized when used in a hybrid geothermal 
application since the thought process is the auxiliary device will be available to handle the 
remaining load not designed into the GHX. If the cooling tower is not maintained, the GHX will 
be exposed to additional load it was not designed to handle, which can lead to a heat saturated 
GHX. 


Due to the load imbalance of B3700, a heat rejection device was always going to be incorporated 
to reject enough heat to balance the load on the BTES GHX. However, to provide the cold 
storage aspect, the heat rejection device must reject enough heat to balance the load on the GHX 
and reject enough heat to provide cold storage BTUs to the GHX. Since water consumption 
reduction was a performance objective for this demonstration, an adiabatic dry cooler was 
chosen as the heat rejection device. An adiabatic dry cooler rejects heat without having to 
evaporate water. However, the dry coolers were equipped with an adiabatic function to increase 
heat rejection capacity, if needed, but not to exceed the water use performance objective stated 
for this demonstration. When operating in dry mode, the heat rejection capacity is a function of 
the coil design, entering air dry-bulb temperature, entering water temperature, GPM and airflow. 
Entering water temperature minus entering air dry-bulb temperature is defined as “spread”. For 
heat rejection purposes, spread must be a positive number. For this demonstration, various 
performance selections were completed to better understand how a dry cooler would perform 
under different operating conditions. 


Table 2.2. Dry Cooler Performance at 100% fan and pump speed 


Heat Rejection | EWT LWT EAT | Spread | % of Spread Pump Fan Speed 
(MBH) (°F) (°F) (°F) (°F) Achieved Speed (%) (%) 
503.5 90.0 61.4 50.0 40.0 71.5 100 100 
376.7 90.0 68.6 60.0 30.0 71.3 100 100 
251.7 60.0 45.7 40.0 20.0 72.0 100 100 
126.8 60.0 52.8 50.0 10.0 71.5 100 100 
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The performance selections illustrate the % of spread stays approximately the same for a given 
pump and fan speed. Since the spread changes, the water-side AT changes, but the ability of the 
dry cooler to achieve the same % of spread does not. Percent of spread in this case is defined as 
the spread divided by the achieved water-side AT (i.e. entering water minus leaving water 
temperature). 


Another aspect of the dry cooler design is the fan energy consumption. Similar to pumping 
energy and how the BTES GHxX is designed with minimizing pumping energy in mind, the use 
of a dry cooler to provide cold storage capabilities cannot be provided at a cost of high fan 
energy consumption. Therefore, over-sized dry coolers are utilized so the fan speeds can operate 
at 50% or less and the design can take advantage of the fan law where brake horsepower follows 
the cube of the quotient between two airflows. 


Figure 2.14. Fan Affinity Law #3 


This allows for the dry cooler to have enough heat rejection capacity while achieving a higher 
coefficient of performance (COP). 


hap = Output Capacity (kW) 
- Input Consumption (kW) 
Figure 2.15. Coefficient of Performance 


Analysis of the dry cooler performance against various fan and pump speeds were completed so 
the required performance could be estimated based on the design heat rejection required. 


Table 2.3. Tower Capacity versus Fan Speed and Pump Speed 


Dry Cooler Capacity (“%) 


Pump Speed (%) 


10 20 30 40 50 60 70 80 90 100 


10 13.2 14.1 14.3 14.5 14.5 14.6 14.6 14.6 14.6 14.6 


20 20.9 24.9 26.2 26.8 27.1 27.4 27.5 27.7 27.7 27.8 


30 25.5 32.8 35.7 37.1 38.0 38.6 39.0 39.3 39.5 39.7 


40 28.5 38.8 43.4 45.9 47.4 48.4 49.2 49.7 50.1 50.5 


50 30.4 43.5 49.8 53.4 55.7 57.2 58.3 59.2 59.8 60.4 


60 31.6 47.5 55.1 59.9 63.0 65.1 66.6 67.8 68.7 69.5 
70 32.5 50.7 59.6 65.6 69.5 72.2 74.2 75.7 76.9 77.9 


Fan Speed (%) 


80 33.1 53.3 63.9 70.5 75.3 78.6 81.1 83.0 84.5 85.8 
90 33.6 55.5 67.7 74.9 80.5 84.5 87.5 89.8 91.6 93.1 


100 33.9 57.3 70.9 79.1 85.2 89.8 93.3 96.0 98.2 100.0 
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Table 2.4. Tower COP versus Fan Speed and Pump Speed 


Dry Cooler COP 


Pump Speed (%) 


10 20 30 40 50 60 70 80 90 100 


10 354.4 | 191.7 | 107.0 66.1 44.3 31.6 23.6 18.3 14.6 11.9 


20 185.9 | 166.9 | 124.9 91.1 67.3 51.1 39.7 31.6 25.7 21.2 


30 107.3 | 119.5 | 106.5 88.5 71.9 58.3 47.6 39.3 32.8 27.6 


40 68.8 86.1 85.0 77.1 67.3 57.9 49.4 42.3 36.3 31.3 


50 47.4 64.3 67.6 65.0 59.9 53.8 47.8 42.2 37.2 32.8 
60 34.5 49.8 54.4 54.6 52.2 48.6 44.5 40.4 36.5 32.9 


Fan Speed (%) 


70 26.1 39.6 44.5 46.0 45.3 43.3 40.7 37.8 34.8 31.9 
80 20.4 32.2 37.2 39.1 39.4 38.5 36.9 34.9 32.7 30.4 


90 16.4 26.7 31.6 33.6 34.4 34.2 33.3 32.0 30.4 28.7 


100 13.4 22.4 27.1 29.2 30.3 30.5 30.1 29.2 28.1 26.9 


The final aspect of the dry cooler design was engineering the design heat rejection capacity. The 
final dry cooler design was chosen following several iterations of the BTES GHX with the dry 
cooler performance incorporated into the performance simulations. It was determined the dry 
cooler would be sized such that the heat of rejection of the modular chillers operating at peak 
cooling conditions could be rejected when the dry cooler was operating in adiabatic mode. This 
design criteria led to the implementation of two dry coolers, which allowed for enough heat 
rejection for cold storage purposes and lets the building’s HVAC system to operate should 
something occur at the BTES GHX (i.e. accidental cutting of buried header or sub-header 
piping). This also gave MCLB a level of comfort that the building could operate sufficiently if 
the BTES GHX performance was less than anticipated. 


Finally, the BTES GHX design would also need to incorporate a way to allow for flow reversal. 
Since the demonstration project at this site utilized a cooling dominated building, space cooling 
energy storage would need to occur at the core. Flow reversibility thru the BTES GHX allows 
for cooling energy to be stored in the core when operating conditions are ideal and allows that 
energy to be extracted from the core when needed. Therefore two 3-way, 2-position control 
valves were installed in the BTES header piping after the dry coolers but before entering the 
GHX. Based on sequence of control parameters, the valves will position accordingly when 
operating conditions allow the dry cooler (via heat rejection when OA temperatures allow) or the 
building load (heating load > cooling load) to store cooling energy in the BTES GHX core. 
When cold storage cannot be performed, the control valves will position accordingly to allow the 
cold storage energy to be extracted. There are also times when the dry cooler can efficiently 
operate for heat rejection purposes but conditions do not allow for cold storage to occur. This is 
also acceptable as the dry cooler operation allows for efficient heat rejection and reduces the 
cooling energy extracted from the BTES GHX core. If conditions to not allow for the dry cooler 
to efficiently operate, the BTES water loop bypasses the dry cooler, via another 3-way, 2- 
position control valve to reduce un-desired pressure drop or heat transfer that may occur. 
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2.2.2. ATES 


While there are numerous operational ATES systems around the world, the ATES system 
demonstrated for this project, is also the first system of this configuration type and operation in 
the U.S. Open loop geothermal systems are not uncommon for a geothermal heat pump 
application. However, open loop systems generally allow for one-way water flow. Water is 
extracted from a dedicated extraction well for both cooling and heating purposes, while injecting 
water into a dedicated injection well. An ATES system design allows for flow reversibility such 
that a cold well(s) and hot well(s) is/are intentionally created. Operating the building’s HVAC 
system to utilize the appropriate ATES well increases the HVAC system’s COP by supplying the 
equipment with closet to ideal water temperatures, which decrease the equipment’s energy 
consumption. 


The initial step in the design of the ATES system design was to complete an energy model of 
B3215 at Fort Benning, GA to determine peak cooling/heating coil loads and annual cumulative 
cooling/heating coil loads. The energy model was also utilized to simulate B3215’s existing 
energy consumption. The eQuest software program (www.doe2.com/equest/, 2016) was utilized 
for calculating the heating/cooling loads, which was exported into TRNSYS (www.trnsys.com). 


Table 2.5. Fort Benning-B3215 Heating & Cooling Loads 


Cooling Heating 
Annual Cumulative 618,864,023 52,276,225 Btus 
Cooling-to-Heating 11.84 to 1.0 Ratio 
Peak 351,815 152,752 Btu/hr 
Peak 29.3 12.73 Tons 


With an open loop GHX the maximum water flow of the system is determined and the yield 
from the wells determined the number of wells that are needed to achieve the desired maximum 
flow. In particular, with open loop ATES systems not only is there a concern with the water yield 
from the extraction well, but there is also a concern with the rate at which water can be injected 
into the injection well without the water mounding to the surface. 


To determine if the hydrogeology at Ft Benning could be utilized to an ATES system the 
company IF Technology was hired as a consultant. IF Tech is a leading geothermal energy 
consultancy and engineering firm based in Arnhem in the Netherlands. Their firm contains 
experienced geologists, hydro-geologists, civil and mechanical engineers. IF Technology has 
special expertise in ATES, BTES, Deep Geothermal Energy Systems, High Temperature 
Storage, and Well Engineering. IF Tech developed the initial Hydrogeological evaluation for Ft. 
Benning. The main conclusion from the evaluation was that the ATES system could be applied 
for the heating and cooling of building 3215 at Ft Benning. See the Appendix to view the 
Hydrogeological Assessment Report. 
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After the Hydrogeological Assessment Report was issued IF Tech prepared a Test Well Drilling 
Program for the ATES site. This program described how to perform the investigation to 
determine the characteristics of the aquifer at Ft. Benning. The Test Well Drilling Program 
explained general drilling techniques, it recommended clean pumping the observation wells, and 
it explained how to perform measurements and analysis of the clean water from the wells. 
Organization and planning for the well drilling procedures was also included in the drilling 
program. See the Appendix to view the Test Well Drilling Program for the ATES site. 


After drilling of the ATES test wells, development of the ATES test wells was performed per 
instructions from IF Tech. The methods for developing the wells was to first air surge the wells 
using compressed air to push a thinning fluid through a well screen. This method breaks apart the 
filter cake around the well screen and gravel pack. The next step was to extract water from the 
wells using a technique called airlifting. Airlifting allows pumping of water from a well after 
drilling without damaging a submersible pump due to sand or clay entrained in the water. 
Airlifting was performed on the test wells first by pumping through specific sections of the well 
screen. This was accomplished by using rubber “packers” on the airlifting pipe to seal the pipe to 
the screen section. After sectional pumping, the wells were air lifted without using the packers 
until they ran clear water. After the airlifting was performed, the wells were over pumped using a 
submersible pump connected to a timer to over pump the wells for a period of time and then 
allow it to recover for a set period of time. See Appendix F for a complete well development log. 
After these procedures were performed, the wells ran clear and were ready to perform the sand 
test specified by IF Tech. 


After fully developing the wells, a pumping test was performed on the test boreholes to fully 
investigate the opportunities for an ATES system at the site. During the pumping test, ground 
water was extracted for a period of three days. The hydraulic head was monitored inside the well 
and in surrounding monitoring wells. All this data was sent to IF Tech to be analyzed. IF Tech 
then issued a pump test report, and the results of the report was that the site contained relatively 
low hydraulic conductivity. This resulted in the decision to drill a total of four production wells 
(two warm and two cold) with extended screens for this demonstration project. 


As known very well in the geothermal community, the quantity and the depth of water wells for 
geothermal systems heavily influences the installation cost. The need to drill four wells instead 
of two well for the ATES project did increase capital cost, but also allows for higher flow rates 
and therefore the ability to store more energy seasonally using the dry cooler if needed. Storing 
more energy can increase energy efficiency since it gives the ability to make the ground water 
cooler and cooler each year for this cooling dominated system. 


To seasonally store energy in the cold well and to remove additional heat from the warm well, it 
was decided to utilize a dry cooler for the ATES project very similar to the dry cooler described 
for the BTES system previously in this report. Since the native ground water temperature at Ft 
Benning is approximately 68-70° it was decided that there was no need for the dry coolers to 
include the adiabatic option. Design calculations and performance considerations for the ATES 
dry cooler was the same for two dry coolers located on the BTES project. 


To heat and cool the building, typical ground source heat pumps were utilized in place of the 
existing chilled/hot water multizone AHU. The original multizone AHU had a total of seven zones. 
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Each zone was replaced with a dedicated water source heat pump. The WSHP’s are energy 
efficient and relatively easy to maintain. 


2.3 ADVANTAGES AND LIMITATIONS OF THE TECHNOLOGY 


GHPs with USTES offer a variety of cost and performance advantages and feature very few 
performance limitations due to their inherently efficient nature. Advantages and limitations of 
the technology are discussed in the following sections. 


2.3.1 Performance and Cost Advantages: 


The benefits of this technology are numerous and includes the ability to enhance already highly 
efficient GHP technology to achieve a lower first cost. Additional benefits of the technology are: 
higher efficiencies, renewable HVAC, smaller carbon footprint, lower energy consumption, and 
elimination of on-site fossil fuel consumption. All this is done while still achieving the important 
goals of maintainability, system longevity and minimized Life Cycle Cost (LCC). Furthermore, 
with GHP’s inherent environmentally benign-nature and our team’s partnering with the non- 
profit American Ground Water Trust for regulatory/environmental support and the Technical & 
Environmental Guidelines, which will be issued at the project’s conclusion, will insure the 
highest level of environmental success. Unlike other green technologies like wind or PV, we 
fully expect some type of GHP-USTES to be deployable at over 80% of DoD facilities in the 
U.S. and abroad. We expect GHP-USTES to be LCC effective at most DoD facilities with a 
payback of less than 15 years. The recently constructed BTES system has a payback of 
approximately 10.6 years, and the ATES system is projected to have a very similar payback. The 
underground GHX utilized in BTES has no moving parts, an indefinite life and when properly 
viewed as the sustainable infrastructure (and therefore amortized over its life cycle like other 
infrastructure investments such as power-lines, pipelines, etc.), its true impact on actual building 
first cost is minimal. In terms of expected aggregate benefit to DoD, it is expected that GHPs 
with USTES will provide a benefit of an average of at least 30% less energy consumption than 
conventional HVAC systems. This value multiplied by at least 60% of the heated and cooled 
DoD facility inventory could result in significant national energy and cost savings if fully 
deployed. 


2.3.2 Performance and Cost Limitations: 


GHPs, even without the enhancement of USTES are generally viewed as one of the most, if not 
the most, efficient architectures to use for a HVAC system. Therefore, their limitations are not 
really performance related but rather first cost related and lack-of-knowledge related. Of the two 
USTES architectures that are being demonstrated, BTES, with its closed loop design (no 
groundwater is physically removed from the ground) has the least environmental impacts. The 
conventional closed loop GHP system already enjoys implementation in all 50 states. As long as 
the borehole is fully grouted from top to bottom, it is environmentally acceptable everywhere 
and does not depend on the presence of a large aquifer. Generally, as long as the horizontal 
movement of the groundwater stays below 3 to 11 centimeters per day (1.2 to 4.3 inches per day 
or 36.5 to 130 feet per year), BTES can be installed. Economic considerations are primarily related 
to the local drilling cost and type of formation (rock, sand, etc.), thermal conductivity, economics 
of scale (tonnage), land availability and thermal balance (heating vs. cooling loads) of the building. 
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Facilities and personnel that are pre-existing users of conventional GHP systems, and those who 
are motivated to meet renewable and other green goals/mandates, will obviously be more likely 
to transition into the enhanced form of a GHP system. ATES systems, with their open loop 
design are more complicated (at least from an evaluation and engineering perspective) but have 
the benefit of potentially lower first cost and lower operating cost. Figure 2.16, a color coded 
“ATES Feasibility Map” that our Dutch consultant, IF Tech, has generated for the entire U.S., is 
shown to provide just a rough initial guideline as to where ATES might successfully be 
deployed. However, a local hydrological investigation is needed before any ATES site is ruled 
“in” or “out”.. Please note that with both of the current demonstration sites located south of the 
Fall Line (generally the dark green/light green NE-SW border/line through the middle of 
Georgia), they both have a high probability of ATES feasibility based on this high-level 
overview. The feasibility map is an excellent tool to give a broad overview of the U.S.’s 
geographical potential for ATES. All the “brownish” areas on the map are generally still suitable 
for BTES, as BTES is not dependent on a presence of a substantial aquifer for its operation. 


e Having an un-desirable aquifer for the project is viewed as a performance limitation. 
Aquifers can generally be classified as either containing oxygen (oxic or aerobic) or 
without oxygen (anoxic or anaerobic). Oxygenated aquifers tend to be near the surface of 
the earth (so-called surficial aquifer) and due to issues like fertilizer run-off, may also 
contain nitrogen and other undesirable contaminates. While either type of aquifer can 
potentially be utilized, anoxic aquifers are preferred, as the water remains anoxic and 
potential biological or mineral precipitate issues are minimized. Intra-aquifer transfers of 
water are also not preferred due to environmental considerations and other issues. The 
ATES demonstration project remained in the same aquifer with our extraction and 
injection wells. Overall, an aquifer that has an upper and lower confining layer (typically 
made of clay on top and sometimes rock on the bottom), is generally considered the 
optimum aquifer for an ATES project. This project utilized an aquifer free from surface 
contaminants with an upper confining layer, generally insuring it will be anoxic. 


e ATES injection permits are required for some states by the EPD to inject water into the 
aquifer, regardless if the injected water was recently removed from the same aquifer. 
Obtaining the required injection permits can prove to be very time consuming. 


e To insure a high level of performance in deploying both types of USTES at any 
facility, beyond some of the geologic and aquifer considerations previously mentioned, 
we believe the key to successful deployments will have in common: on-site test 
boreholes drilled with detailed drilling logs of the geology analyzed/recorded, (in-situ) 
thermal conductivity (BTES) test or water flow pumping test (ATES) being 
accomplished, adequate GHP-USTES design guidelines being developed, an accurate 
hour-by-hour energy analysis of the building’s thermal loads being completed, proper 
computer modeling of the GHX/BTES or the ATES being accomplished, and 
thorough, high-quality designs, plans and specifications being provided to the installing 
contractor and their drillers. In terms of economic considerations, while BTES systems 
will generally be appropriate almost anywhere conventional closed loop GHP systems 
are installed, ATES systems will not be economical unless there is an adequate aquifer 
on site. Figure 2.16 is a good starting point to understand where adequate aquifers 
exist, but previous or new test wells will generally be necessary to determine the 
actual adequacy of each specific site when ATES systems are being contemplated. 
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Overall, DoD clients that are seeking the absolute lowest first cost will not deploy GHP 
systems with USTES, but those seeking to comply with all the energy mandates and those 
seeking true energy security for their installation will carefully consider these system types. 


Figure 2.16. North America ATES Feasibility Map (Courtesy of IF Technology) 
2.3.3 Social Acceptance: 


The primary barrier to acceptance will be fear of the unknown as these systems are not yet 
broadly utilized across DoD. Nevertheless, it seems that the successful, though limited, 
deployments of conventional GHPs at both installations involved with this project has resulted in 
their acceptance, and even championing of this technology. Once all parties involved understand 
that a BTES system is primarily a simple, all-welded HDPE, underground heat exchanger, their 
concerns tend to go away. The BTES GXP also has a nearly infinite life with no moving parts. 
ATES with its submersible pumps sometime creates questions, but if there are already domestic 
water wells on the installation, this tends to be less of a concern. Fort Benning personnel have 
observed the hydrological investigations being performed, and this tends to increase their 
confidence that the deployment is being accomplished in a thoughtful and studied manner that 
enhances its chance for long-term success. 
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3.0 


PERFORMANCE OBJECTIVES 


The technology and economic Performance Objectives (PO) are summarized Table 3.1. 
Descriptions of how each PO was measured and how each was determined to be successful is 


also included. 


Table 3.1 summarizes actual results for the BTES project. Due to construction scheduling and 
permitting issues for the recently constructed ATES system, there is currently insufficient 
demonstration data to compare to the baseline data for the ATES system. The results of the 
ATES system are based on computer modeling of the demonstration. 


Table 3.1. 


Summary of Performance Objectives 


Performance 
Objective 
Quantitative Performance Objectives 


Facility GHP-USTES 
HVAC Energy Usage 
vs. Conventional 
HVAC 


Metric 


Energy Intensity 
(MMBtu/ft? or 
kWh/ft’) 


Facility GHP-USTES 


Energy Intensit 
HVAC Energy Usage (MMBI tu/f2 or Ms 
vs. Conventional kWh/ft2) 
GHP HVAC 
Water Usage by On- 


Site Conventional 
Cooling Tower 
Direct On-Site 
Greenhouse Gas 
(GHG) Emissions for 


Water (Gallons) 


Direct on-site fossil 
fuel GHG emissions 
(metric tons) 


HVAC Space Heating 

Installed Cost Of 

GHP-BTES vs. HVAC Construction 
Conventional GHP Cost 

Systems 


Greenhouse Gas 
Emissions at Source 
(Power Plant) to 
power Air-to-Air 
Heat Pumps vs. GHP- 
USTES System 
Qualitative Performance Objectives 
Elimination of Hours/Cost spent 
maintenance of maintaining HVAC 
HVAC water water treatment 
treatment system system 


Source fossil fuel 
GHG emissions 
(metric tons) 


Data Requirements Success Criteria 


Actual metered readings of 
HVAC energy used by 
installation (baseline and 
demonstration); square footage 
of the buildings using energy 
Actual metered readings of 
demonstrated HVAC energy 
used by installation versus 
modeled conventional GHP 
HVAC; square footage of the 
buildings using energy 

Actual metered readings of 
water used by installation 
(baseline and demonstration) 
Measured/calculated release of 
GHG based on source of 
energy (baseline and 
demonstration) 

Construction cost data from 
construction contractor for 
both GHP-BTES and alternate 
conventional GHP design 
Measured/calculated release of 
GHG at Source 
(demonstration) versus an 
Hour-By-Hour model of 
project building with air-to-air 
heat pumps (baseline) 


30% Reduction compared 
to baseline 


10% Reduction compared 
to Conventional GHP 
HVAC 


80-100% Reduction 
compared to baseline 


100% Reduction compared 
to baseline 


20% Construction Cost 
Reduction from 
conventional GHP systems 
vs. GHP-BTES systems 


40% reduction compared to 
air-to-air baseline model 


Interview/record maint. 
personnel positive experience 
with removal of HVAC water 
treatment system 


Observe presence/removal of 
HVAC Cooling Tower Water 
treatment system 


Results 


BTES: 47.5% 
Reduction 


ATES: 52.7% 
Reduction (Modeled) 


BTES: 15.1% 
Reduction 


ATES: 13.8% 
Reduction (Modeled) 


100% Reduction 
compared to baseline 


100% Reduction 
compared to baseline 


33.6% Reduction 


BTES: 32.5% 
Reduction 


ATES: 26.5% 
Reduction (Modeled) 


Maintenance 
personnel extremely 
satisfied. Pending 
formal results. 


Energy Security Survey of Base 


personnel regarding 
the perceived Energy 
Security Aspect of the 
GHP-USTES system 


Conduct formal Surveys of 
Base personnel to determine if 
USTES system provides 
Energy Security 


Survey results show the 
inside-the-fence 
(underground) USTES system 
is highly robust and provides 
additional Energy Security 


Pending formal 
results. MCLB is in 
the process of 
implementing BTES 
for 3 other buildings. 
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3.1 PERFORMANCE OBJECTIVES DESCRIPTIONS 


3.1.1 Reduce Facility HVAC Energy Usage Compared to a Conventional HVAC System: 


Definition & Relevance: The project’s new HVAC system was projected to have 
lower energy consumption than the building’s existing baseline HVAC system. The 
purpose of the objective was to demonstrate reduced energy consumption of DoD 
facilities to help accomplish their stated goals of building energy reduction, improved 
energy security, and increased sustainable infrastructure. 


Metric: The energy intensity (Btu/ft* or kWh/ft’) of building 3700 at MCLB (BTES) 
existing and new HVAC systems was determined by direct measurement to assess the 
intensity. Currently the baseline energy intensity of building 3215 at Ft. Benning has 
been measured, but the newly constructed ATES system energy intensity has not been 
measured. (See Executive Summary) Office buildings in the U.S. have been measured 
by DOE to have HVAC energy intensities around 92,800 BTU/ft? in one survey 
performed as part of their Commercial Building Energy Consumption Survey or 
CBECS (DOE, 2003). It was expected that the buildings retrofitted with GHPs and 
USTES would have significantly less energy consumption than this value. 


Data: The area (square footage) of the conditioned space used in the denominator of 
the above metric is taken from area take-offs of the vector based computer-aided 
design (CAD) drawings provided by the military installations to the investigators. 
The numerator in terms of BTU or kWh for the new and existing systems is taken 
from a combination of: direct measurements of HVAC equipment. kWh consumption 
was measured by watt-meters and data-loggers; natural gas consumption in BTUs 
from dividing the output of the equipment by the equipment efficiency; temperature 
sensors and mass/volumetric flow meters to determine energy delivery. All this 
information is divided by published or estimated equipment efficiency values or even 
hour-by-hour computer simulation modeling programs, such as eQuest or TRNSYS. 


Analytical Methodology: Instrumentation and data-loggers were placed on the 
various existing HVAC system components (e.g. pumps, AHUs, chillers, etc.) during 
the many months leading up to the demonstration project. This data was used to 
determine the baseline estimated HVAC energy consumption of the buildings. 
However, typical problems were encountered with maintenance personnel disabling 
data-logging instrumentation; instrumentation failures; changing weather/occupancy 
levels; etc. Therefore, computer modeling or extrapolation techniques were also be 
utilized to help inform the baseline energy consumption calculations when appropriate. 


Success Criteria: The initial criteria for the demonstration program to be considered 
a success was if the ATES or BTES systems installed in the facilities at Fort Benning 
(ATES) and MCLB (BTES) exhibited a 30% reduction in annual HVAC energy 
consumption when compared to baseline HVAC system energy consumption. 


The BTES system for bldg. 3700 at MCLB greatly surpassed the success criteria by 
achieving a 47.5% energy savings over a 12-month period. The ATES system 
(scheduled for completion in March of 2017) is expected to perform similarly. The 
modeled ATES system is projected to have a 52.7% energy savings over a 12-month 
period when compared to the conventional HVAC system. 
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Reduce Facility HVAC Energy Usage Compared to a modeled Conventional GHP 
System: 


Definition & Relevance: The project’s new HVAC system will have lower energy 
consumption when compared to an hour-by-hour simulation model (eQuest or 
TRNSYS) of a conventional GHP system as the baseline HVAC system. The purpose 
of the objective was to demonstrate reduced energy consumption of DoD facilities to 
help accomplish their stated goals of energy consumption reduction, improved energy 
security, and increase sustainable infrastructure. 


Metric: The energy intensity of each building’s new HVAC systems (Btu/ft? or 
kWh/ft?) was measured by direct measurement to determine its intensity. Since neither 
of the buildings are currently utilizing a conventional GHP system, the existing 
computer models that were built to inform the design of the new GHP w/USTES 
system were modified to represent a conventional GHP system. Each building’s energy 
consumption was estimated based on these models to determine the performance of 
each building had they been installed with a conventional GHP system. 


Data: The area (square footage) of the conditioned space used in the denominator of 
the above metric is taken from area take-offs of the vector based computer-aided 
design (CAD) drawings provided by the military installations to the investigators. 
The numerator in terms of BTU or kWh for the new and existing systems is taken 
from a combination of: direct measurements of HVAC equipment kWh consumption 
measured by watt-meters and data-loggers; gas consumption in BTUs from dividing 
the output of the equipment by the equipment efficiency; temperature sensors and 
mass/volumetric flow meters to determine energy delivery. All this information is 
divided by published or estimated equipment efficiency values or via hour-by-hour 
computer simulation modeling programs, such as eQuest or TRNSYS. For this PO, 
the baseline energy consumption is determined solely by computer simulation. For 
additional information on the computer simulation see Section 6.0. 


Analytical Methodology: The instrumentation and data-loggers placed on the 
various existing HVAC system components (e.g. pumps, AHUs, chillers, etc.) during 
several months leading up to the demonstration project is not useful for this PO’s 
baseline comparison as it must be a conventional GHP system, which does not 
physically exist now, or in the future. Accordingly, the baseline data was exclusively 
obtained by computer simulation. For additional information on the computer 
simulation see Section 6.0. Recorded data for the new systems were used to 
determine the HVAC energy consumption of the ATES and BTES systems. 
However, problems were encountered such as maintenance personnel disabling data- 
loggers; instrumentation failures; changing weather/ occupancy levels; etc. 
Extrapolation and computer modeling techniques were utilized to help inform the 
demonstration energy consumption calculations when appropriate. 


Success Criteria: The initial criteria for the demonstration program to be considered 
a success was if the ATES or BTES systems installed in the facilities at Fort Benning 
(ATES) and MCLB (BTES) exhibited a 10% reduction in annual HVAC energy 
consumption when compared to a modeled baseline Conventional GHP HVAC 
system energy consumption. The BTES system had a 15.1 % reduction, and the 
modeled ATES system had a 13.8% reduction. 
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3.1.3. Reduce Water Consumption by 80-100%: 


Definition & Relevance: The project’s new HVAC system was projected to have 
80% to 100% lower water consumption (for heat rejection purposes) than the 
building’s baseline HVAC system. The purpose of the objective was to reduce water 
consumption of DoD facilities to help accomplish their stated goals of reduced water 
consumption, and increased sustainable infrastructure. 


Metric: The water consumption of each building’s existing and new HVAC systems 
(gallons/year) at each site was measured by direct measurement to determine the 
amount of water consumed by the heat rejection device. Conventional cooling 
towers, such as those servicing the buildings at MCLB and Fort Benning, utilize 
evaporative cooling which requires approximately one pound of evaporated water per 
1,050 BTUs of heat rejection plus any liquid water carry-over and “bleed water” 
needed to prevent over-concentration of solids in the cooling water. The ATES and 
BTES systems utilized in EW-201135 accomplished most their heat rejection in the 
shoulder (fall/spring) or winter months when evaporative cooling needs are low. This 
is accomplished by utilizing the dry cooler to reject heat to the outside air any time it 
can be rejected efficiently. Accordingly, the metered water consumption of the 
adiabatic dry-cooler is non-existent as they have been able to operate in the dry-mode 
most, if not all, of the year. 


Data: The water consumption of the existing cooling tower and new adiabatic dry- 
coolers was metered to determine its water consumption. This was easily 
accomplished at MCLB with its dedicated cooling tower, which has been metered for 
months now. Fort Benning, on the other hand, uses a 6,000 ton+ central plant to 
serve our building and many others. To determine our building’s pro-rata share of 
energy consumption at Ft Benning, the building load was monitored, and the load to 
the cooling tower was calculated based on 15,000 BTU’s rejected to the cooling 
tower per ton of building load rejected to the chilled water loop. Water usage was 
calculated using 1,050 BTU’s of cooling tower load/ pound of water evaporated. 


Analytical Methodology: Water meters, existing data-loggers and permanent 
instrumentation installed with the new system was used to determine/estimate annual 
water consumption of the heat rejection devices. Since the water treatment systems 
for the conventional systems were not operating properly to maintain the level of 
solids (via conductivity meters) in the basin water, a spreadsheet analysis accounts for 
this deficit, and it is reflected in the total water usage savings. 


Success Criteria: The initial criteria for the demonstration program to be considered 
a success was if the ATES and BTES system installed in the facilities at Fort Benning 
(ATES) and MCLB (BTES) exhibits a 100% reduction in the annual water 
consumption of the heat rejection system (cooling tower for the baseline and dry- 
cooler for the demonstration project). Since the dry coolers are currently operating 
without the use of water, the project has successfully achieved 100% water reduction. 
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Reduce Direct On-site Greenhouse Gas (GHG) Emissions by 100%: 


Definition & Relevance: The project’s new HVAC system was projected to have a 
100% reduction in the amount of GHGs emitted at the project site. The purpose of the 
objective was to reduce GHG emissions at DoD facilities to help accomplish their 
stated goals of GHG reductions. 


Metric: The GHG emissions of each building’s existing natural gas boilers at each 
site was determined by metering their heating load over the period leading up to the 
installation of the new GHP w/USTES system. The heating load was divided by the 
efficiency of the boilers to determine the heating input. This value was be 
mathematically converted to its equivalent metric tons of GHG emissions. During 
demolition and construction of each new system, the boilers were removed. The new 
HVAC system does not utilize any fossil fuel boilers. Therefore, the on-site GHG 
emissions are zero. 


Data: The GHG emissions of the existing boilers was determined by the method 
stated above and its total annual level in metric tons/year was recorded. The fact that 
the new GHP/USTES systems do not emit GHGs was also recorded. 


Analytical Methodology: Initially, AH&P attempted to monitor the natural gas 
usage by utilizing the existing gas meters. During the data collection period, it was 
determined that the existing gas meters were not operating properly. The natural gas 
usage for this project was determined by monitoring the BTU output of the heating 
system. The output of the heating system was divided by the boiler efficiency to 
determine the natural gas input to the boilers. The existing natural gas consumption 
was converted mathematically to metric tons of GHGs per year. 


Success Criteria: This PO was successful since there was a 100% reduction in direct 
on-site GHG emissions. 


Reduce Installed Cost of GHP-BTES by 20% when compared to Conventional GHP 
Installation Cost: 


Definition & Relevance: The project’s new BTES HVAC system was projected to 
have a 20% lower installed cost than if a conventional closed loop GHP system were 
installed in its place. The purpose of the objective was to increase the deployment of 
closed loop GHP systems by giving the DoD program’s project managers and 
engineers a lower cost (primarily via fewer boreholes needed while yet being more 
efficient) system architecture for closed loop GHP systems. While this PO was 
achieved with a BTES system, this PO was not possible with ATES systems vs. 
conventional open loop GHP systems. While ATES is always significantly more 
efficient due to its ability to capture waste heat and waste cool, the virtually identical 
system architecture does not allow for construction cost savings. This is evident 
when you consider that ATES systems have ATES valves and pumps in both the 
extraction and injection wells vs. pumps-only in extraction wells with conventional 
open loop GHP systems. 
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Metric: Bidding on the construction of the BTES project established the true 
installed cost of the GHP-BTES system. AH&P then performed sufficient modeling 
such that the number of boreholes needed for a conventional GHP system could be 
estimated and rule of thumb (cost/linear foot of borehole) pricing could be applied to 
establish the cost of the baseline system. 


Data: Hard construction cost of the GHP-BTES system was established by the 
successful low bidder via the process described above. AH&P then estimated the 
pricing a conventional GHP system based on additional boreholes needed for 
conventional closed loop geo-thermal. The two prices between a GHP-BTES system 
and a conventional GHP system were compared. 


Analytical Methodology: The actual bidding data from the General Contractor 
selected by NAVFAC SE to install this project shall be used to determine the real cost 
of the GHP-BTES system installed at MCLB. Conventional GHP pricing shall be 
established via the methodology previously described herein. Subtracting the GHP- 
BTES bids from the conventional GHP estimate and dividing the difference by the 
cost of the conventional GHP system and multiplying by 100 will determine the 
construction cost savings on a percent (%) basis. 


Success Criteria: This PO of the demonstration program was considered a success 
since the BTES system installed in the facility at MCLB exhibited a 33.6% reduction 
in construction cost. 


Reduce GHG Emissions at the Power Plant by 40% when comparing the emissions 
resulting from the installation of a GHP-USTES system vs. what it would have been 
had air-to-air heat pumps been installed: 


Definition & Relevance: The project’s new HVAC system was projected to have a 
40% reduction in the amount of GHGs emitted at the Source (Power Plant) than if a 
conventional air-to-air heat pump system were installed in its place. The purpose of the 
objective was help DoD facilities accomplish their stated goals of GHG reductions. 


Metric: As the baseline system, an hour-by-hour computer model of each building, 
installed with air-to-air heat pumps as their HVAC system, was completed to estimate 
GHG emissions at the power plant based on estimated annual kWh consumption. 
This information was compared to the actual energy consumption of these buildings 
after being equipped with their GHP-USTES system. This value was mathematically 
converted to its equivalent metric tons of GHG emissions after considering 
transmission and generation inefficiencies. 


Data: The GHG emissions of the power plant was determined by the method stated 
above and the total annual level in metric ton/year was recorded for both the modeled 
air-to-air HVAC system and the actual GHP-USTES system that is installed. 


Analytical Methodology: Electrical energy consumption of the new GHP-USTES 
system was determined by direct measurement of power consumption after the 
systems are made operational. For the air-to-air system, it shall be done via hour-by- 
hour computer simulation. These kWh figures were then converted mathematically to 
metric tons of GHGs per year. 
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e Success Criteria: This PO was not met since the calculated 40% reduction in power 
plant GHG emissions is calculated to be 32.5% for the BTES and 26.5% for the 
ATES system. 


Elimination of HVAC Water Treatment System Maintenance: 


e Definition & Relevance: The projects new HVAC system does not have a 
conventional cooling tower water treatment system involving conductivity meters, 
biocide/algaecide/etc. chemicals and their associated maintenance. The purpose of the 
objective is to reduce the burden and expense of maintaining a water treatment 
system that is normally associated with a conventional cooling tower that can 
evaporate millions of gallons of water per year in its task of rejecting maximum heat 
to the atmosphere during periods of extreme heat, but also on a year-round basis. 


e Metric: The chemical treatment cost associated with the water consumption of the 
buildings existing and new HVAC systems (gallons/year) was measured by direct 
measurement and/or computer simulation. Its associated cost was determined by 
meeting with DoD maintenance personnel to determine the cost associated with this 
water consumption and treatment. Conventional Cooling towers, such as those 
originally servicing the buildings at MCLB or Fort Benning, utilize evaporative 
cooling which require approximately one pound of evaporated water per 1,050 BTUs 
of heat rejection plus any liquid water carry-over and bleed water needed to prevent 
over-concentration of solids in the cooling water. The ATES and BTES system 
accomplished their heat rejection in the shoulder (fall/spring) or winter months when 
evaporative cooling needs are low. Accordingly, the metered water consumption of 
the adiabatic dry-cooler when operating is zero. 


e Data: The chemical/maintenance cost/hassles/experience/time/etc. associated with 
the existing cooling towers vs. new adiabatic dry-cooler was measured, compared and 
documented numerically. 


e Analytical Methodology: Water meters, existing data-loggers, and permanent 
instrumentation installed with the new systems along with interviews with personnel 
was used to determine/estimate annual water consumption and associated chemical 
treatment cost/experience of the heat rejection devices treatment. 


e Success Criteria: The demonstration program was considered a success since the 
simplified water treatment system associated with the ATES or BTES system are 
considered significantly easier to maintain that the previous treatment system. A 
formal survey has been sent, but results are pending. 


Increase Energy Security: 
e Definition & Relevance: The project’s new HVAC system was expected to increase 
the Energy Security of Fort Benning and MCLB. The purpose of the objective was to 


increase the energy security of DoD facilities and military installations to help 
accomplish DoD’s stated goals of increased energy security. 


3] 


Metric: Written surveys and /or interviews find that the vast majority (80% or more) 
of interviewed DoD personnel and/or their contractors feel the new GHP-BTES 
system increases the energy security of the installation. 


Data: Yes-No-Comment questionnaires delivered to personnel via email, U.S. Mail, 
phone solicitation, direct contact, etc. with the above question and the cumulative 
results were calculated. 


Analytical Methodology: The yes votes were be divided by the total number of votes 
returned and the percent answering “yes” will be calculated. 


Success Criteria: Formal questionnaires have been sent to satisfy this PO, and 
formal results are pending. Currently MCLB has already made plans to implement 
BTES for three additional buildings. 
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4.0 FACILITY/SITE DESCRIPTION 


The ATES system was demonstrated at the Army Base at Fort Benning, GA and the BTES 
system was demonstrated at the Marine Corps Logistics Base-Albany, GA (MCLB). The Fort 
Benning ATES project was conducted at Building 3215 (B3215), which is located on the Sand 
Hill side of Fort Benning and is home to the 192" Infantry Brigade. The MCLB BTES project 
was conducted at Building 3700 (B3700), which is an administrative building. It is located close 
to the central point of the MCLB installation. 


4.1 FACILITY/SITE LOCATION AND OPERATIONS 


B3700 at MCLB is located just north of the main gate. Below is a Google Earth image of 
B3700’s location illustrating the location of the BTES bore-field. 
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Figure 4.1. .MCLB Albany, Building 3700 Google Earth Image 


The Google Earth image above shows the BTES bore-field located North of B3700. The field 
originally contained standing timber that was cleared for the installation of the BTES field. 


The building itself is a three-floor, 168,000 ft? administration building. Its construction is mostly 
brick with a flat roof and single-pane windows. The original building was constructed in 1974 
with several renovation projects thereafter. 


B3215 at Fort Benning is located northeast of the main gate on the Sand Hill side. Below is a 
Google Earth image of the location of B3215 and well locations. 
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Figure 4.2. Fort Benning, Building 3215 Google Earth Image 


The building itself is a two-floor, 10,000 ft? administration building acting as the headquarters 
for the 192"4 Infantry Brigade. Its construction is mostly brick with a flat roof and single-pane 
windows. The original building was constructed in 1975 with several small renovation projects 
thereafter. 


This construction of both buildings is typical of buildings installed on other military installations. 
Administration type buildings are also commonplace within military installations. Most buildings 
of this type are cooling dominated year-round, independent of climate zone, as these buildings are 
occupied most of the time during business hours. A cooling load will be present most the time, 
due to the people, lights, computers, printers, etc., which is a driving factor of why energy models 
of this facility illustrate a 10-to-1 cooling-to-heating yearly energy consumption ratio. 


The locations of both facilities are not located near any non-administrative military 
operations (physical training, maneuvering, etc.). Therefore, there were little interactions or 
disruptions to either of the military operations. However, there were some minor interactions 
and disruptions to the administrative operations that occurred. The change-over from the 
existing system to the demonstration project’s systems required the use of temporary 
equipment to keep the building conditioned during the construction process. The existing-to- 
temporary system change-over and temporary-to-demonstration system change-over occurred 
over weekend time periods, and had little effect on the building occupant’s comfort. The 
temporary equipment installation did cause some disruption in regards to trailer mounted 
temporary equipment being installed in the parking lot area and the use of fire hoses to supply 
chilled and hot water to the existing HVAC equipment. 
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MCLB’s and Fort Benning’s secure network system did not allow for remote access for this 
demonstration project. Since network access was not available during the baseline monitoring 
and recording period, on-site visits were used to download the information manually as needed. 
AH&P was able to gain a government issued CAC (Common Access Card) and received a 
government owned laptop computer from MCLB to have the ability to monitor the BTES system 
live for fine tuning. Additional data collection devices were still required to capture the required 
data for analysis of the new BTES system. Efforts are still being made to gain future access to 
the network communication system at Ft Benning to allow for data retrieval/monitoring after 
completion of the demonstration project installation. If so, the planned approach is to have this 
technology and its various data-points graphically displayed “live” via a password protected 
website. 


4.2 FACILITY SITE CONDITIONS 


The site for each system (ATES & BTES) was chosen based on several criteria. With this 
demonstration project focusing on seasonal underground thermal energy storage more 
consideration had to be given concerning the underground geology of the site versus the real- 
estate above ground. Also, understanding that harvesting cooling energy from the outside air 
during the winter is very important to balancing the cooling/=heating load in most commercial 
buildings in the Unites States helped to determine that adequate “above ground” real-estate was 
needed for the installation dry coolers. The site conditions for each system are listed below. 


4.2.1 BTES Site Conditions 


Bldg. 3700 at the Marine Corps Logistics Base (MCLB) located in Albany, GA was selected as 
the location for the BTES system. Located in south west Georgia, this military base is below the 
“Fall Line” and the underground formation consists of karst limestone. This “swiss cheese like” 
limestone holds a vast amount of ground water, and the movement of the ground water was 
determined to be minimal. 


Since BTES construction is closed loop in nature, and requires the drilling of multiple boreholes 
it was very important that a site be chosen that contained an adequate amount of property to 
configure these boreholes to allow for storing of energy in the core of the bore field. Bldg. 3700 
had a large wooded area directly to the north of the parking lot that was prime real-estate for 
installing the BTES bore field. Bldg. 3700 has approximately 180,000 square feet and has a 
maximum cooling load of approximately 400 tons. The existing timber was harvested in this 
location to allow for installation of the 306 vertical boreholes needed for this cooling load. 


Locating a building that could be easily converted to BTES was important to the success of this 
project. The existing HVAC system for Bldg. 3700 was found to be compatible since it utilized a 
system of chilled water air handlers and hot water re-heat variable air volume terminal units. This 
system was able to be converted very easily to BTES by removing the existing water cooled chillers 
and cooling tower and installing the heat recovery modular chillers connected to the BTES system. 
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Figure 4.3. MCLB Bldg 3700 Site Conditions (BTES) 
4.2.2 ATES Site Conditions 


Bldg 3215 at Ft. Benning located in Columbus, GA was selected for the location of the ATES 
system. Located in West Georgia, Ft Benning is approximately 90 miles North West of MCLB. 
The underground formation at Ft Benning contains an aquifer located below a confining clay 
layer. 


Bldg. 3215 has approximately 10,000 sq. ft. of floor area, and has a cooling load of 
approximately 31 tons. With an ATES system, adequate water flow for this cooling load can be 
provided by utilizing two wells each (cold and warm). Therefore, the amount of real estate 
needed for this project was very small compared to the BTES project. Bldg. 3215 has enough 
property located North, North East, and West of the parking lot to accommodate these wells. As 
stated above for the BTES system, it was desirable to choose a building that could be easily 
converted to ATES. Building 3215’s HVAC consisted of a chilled water/hot water multi zone air 
handler. This air handler had 7 different zones, and each zone was re-connected to a new water 
source heat pump that is connected to the ATES System 
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Figure 4.4. Ft Benning Bldg. 3215 Site Conditions (ATES) 
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5.0 TEST DESIGN 


A detailed description of each respective system (BTES and ATES) is illustrated in Section 5.3 
of this Final Report. In either case, each USTES system type has demonstrated a different 
method of creating a more efficient way of applying GHX systems with seasonal energy storage. 
The existing systems at each site were considered conventional HVAC systems, whose 
performance was compared against the performance of the demonstration project installed at the 
same site. For MCLB, the VAV AHUs and VAV boxes were coupled with a BTES system 
consisting of heat recovery modular chillers, GHX bore-field and adiabatic dry coolers in lieu of 
the centrifugal chillers, cooling tower and hot water boiler previously installed. For Fort 
Benning, the HVAC system received a complete overhaul as new WSHPs, adiabatic dry coolers 
and ATES warm/cold wells were installed to replace the existing multi-zone AHU and hot water 
boiler. Existing HVAC system performance data at each site was monitored and recorded for a 
minimum of 12 months, which was compared against performance data of the new USTES 
systems to determine several of the energy consumption comparison-based performance 
objective’s success or failure. Note that as stated in previous sections the ATES baseline data 
was metered, but the demonstration data was modeled due to ongoing construction schedule. 


5.1 CONCEPTUAL TEST DESIGN 


To evaluate the performance objectives, AH&P implemented an extensive data monitoring plan 
to determine the energy usage, heating and cooling output, and COP of the original and the 
demonstration projects. The following strategies used for each system is listed below. 


5.1.1 MCLB Bldg. 3700 (Conventional HVAC System): 


The monitoring for the original conventional HVAC system focused primarily on electrical 
usage monitoring, and cooling and heating output monitoring. In addition to this, historical 
weather data was monitored to compare weather data from the pre-demonstration period to the 
demonstration period. 


Watt hour meters were installed to monitor the electrical consumption of all HVAC related 
equipment including air handlers, pumps, energy recovery unit, chillers, and the cooling tower. 
Ultra-sonic flow meters were utilized to monitor the chilled, hot, and condenser water flow of the 
system. Strap on and immersion temperature sensors were used to monitor the supply and return 
temperatures of the hot, chilled, and condenser water. For the air side equipment, temperature 
and relative humidity sensors were used to determine the entering and leaving air temperatures of 
the chilled water coils. Also, the temperature and relative humidity of the supply, return, and 
outside air was monitored. 


5.1.2 MCLB Bldg. 3700 (BTES HVAC System): 


To compare the energy usage of the BTES with the energy usage of the conventional system all 
of the meters and sensors for the air handlers remained in place. In addition to the air handler 
sensors, the ultra-sonic flow meters and strap on temperature sensors remained in place to 
determine the BTU output of the new system. Additional instrumentation was installed for the 
new pumps, the modular chiller, and the cooling tower. This new instrumentation included new 
immersion water temperature sensors, and watt hour meters for select pieces of HVAC equipment. 
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An additional watt hour meter was placed at the new electrical panel to capture the energy usage 
of all the newly installed HVAC equipment. 


In addition to this instrumentation used to compare energy usage and COP, AH&P monitored the 
water temperatures in and out of the BTES bore-field, the water temperatures in and out of the 
dry cooler, the dry cooler valve position, and the two reversing valve positions. This data was 
analyzed and used to determine how much energy was being stored in the BTES bore-field by 
the dry cooler. 


5.1.3 Ft Benning Bldg. 3215 (Conventional HVAC System): 


The monitoring for the original conventional HVAC system focused primarily on electrical 
usage monitoring, and cooling and heating output monitoring. In addition to this, historical 
weather data was monitored to compare weather data from the pre-demonstration period to the 
demonstration period. 


Watt hour meters were installed to monitor the electrical consumption of all HVAC related 
equipment including the supply and return fans, and the pumps. To determine the pro rata share 
of energy consumed by the building at the central plant, the central plant equipment was 
evaluated and an equivalent central plant KW/ton was calculated based on equipment literature 
and capacities. Ultrasonic flow meters were utilized to monitor the chilled, and hot water flow of 
the systems at building 3215. Strap-on and immersion temperature sensors were used to monitor 
the supply and return temperatures of the hot, and chilled water. For the air side equipment, 
temperature and relative humidity sensors were used to determine the entering and leaving air 
temperatures of the chilled and hot water coil. Also, the temperature and relative humidity of the 
supply, return, and outside air was monitored. 


5.1.4 Ft Benning Bldg. 3215 (ATES HVAC System): 


The monitoring instrumentation for the new ATES system has not been installed yet since the 
project is still under construction. The ATES system energy consumption was modeled to 
compare against the metered baseline data, see section 6.0. A watt hour meter can be installed to 
monitor the complete ATES system to compare energy usage with the baseline data. A 
combination of air and water temperature sensors, pump statuses, and injection valve positions 
connected to the building automation system will aid in analyzing the performance of the newly 
installed ATES system. 


5.2 BASELINE CHARACTERIZATION 


The following information is used to describe the baseline characterization used to support the 
demonstration. 


5.2.1 Reference Conditions: 
There were many baseline reference conditions that were data-logged for both project sites. To 


accurately compare the baseline existing performance against the demonstration project’s 
performance, a minimum of one year’s worth of data was collected for the existing system. 
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After the demonstration project construction was completed, performance data was collected and 
compared against the baseline’s performance data. The list of baseline conditions collected for 
each site can be seen in below: 


Table 5.1. MCLB Albany: List of Baseline Reference Conditions 


MCLB ALBANY - MCLB BUILDING 3700 
# Reference Condition Units 
1 Chilled Water Supply Temperature °F 
2 Chilled Water Return Temperature °F 
3 Hot Water Supply Temperature °F 
4 Hot Water Return Temperature °F 
5 Supply Air Temperature °F 
6 Return Air Temperature °F 
7 Mixed Air Temperature °F 
8 Outside Air Temperature °F 
9 Supply Air Humidity % RH 
10 Return Air Humidity % RH 
11 Mixed Air Humidity % RH 
12 Outside Air Humidity % RH 
13 Energy Consumption KWh 
14 Chilled Water Flow GPM 
15 Hot Water Flow GPM 


Table 5.2. Fort TaTable 5.2 - Ft. Benning: List of Baseline Reference Conditions 


FT. BENNING - BUILDING 3215 
# Reference Condition Units 
1 Chilled Water Supply Temperature °F 
2 Chilled Water Return Temperature °F 
3 Hot Water Supply Temperature °F 
4 Hot Water Return Temperature °F 
5 Supply Air Temperature (downstream of hot and cold deck) °F 
6 Return Air Temperature °F 
7 Mixed Air Temperature °F 
8 Outside Air Temperature °F 
9 Supply Air Humidity % RH 
10 Return Air Humidity % RH 
11 Mixed Air Humidity % RH 
12 Outside Air Humidity % RH 
13 Energy Consumption KWh 
14 Chilled Water Flow GPM 
15 Hot Water Flow GPM 


47 


5.2.2 Baseline Collection Period: 


For MCLB, baseline data collection started on Wednesday, April 18, 2012 and continued until 
the demolition process for the demonstration project installation began, which was in August of 


2014. The time period that was used as the official baseline data time period was August Ist 
2013 thru July 31% 2014. 


For Fort Benning, baseline data collection started on Tuesday, May 1, 2012 and continued until 
the demolition process for the demonstration project installation began, which was February of 
2017. The time period that was used as the official baseline data time period was August Ist 
2013 thru July 31* 2014. 


5.2.3 Existing Baseline Data: 


The cooling tower make-up water consumption (MCLB only) was not being data-logged 
continuously due to an existing water meter already in place. Logging cooling tower makeup 
water consumption for the central plant at Ft Benning was infeasible. Therefore, it was determined 
to base the makeup water usage from the cooling output of the building plus blowdown to satisfy 
Cycles of Concentration requirements. Make-up water usage for cooling tower operation at MCLB 
had an existing meter, which we recorded at every site visit to keep track of water consumption. 
This allowed us to know the annual water consumption due to the operation of the existing cooling 
tower and how much water was saved due to the installation of this demonstration project. 


For MCLB, the natural gas meter was not operating properly, and at Ft Benning, the gas meter 
readings were incomplete. Natural gas metering was calculated based on the heating output of 
the HVAC system divided by the efficiency. 


5.2.4 Baseline Estimation: 


Initially, differential pressure (AP) transducers were installed at each site to measure the pressure 
differential across each pump (chilled water, hot water and condenser water). For each pump, a 
performance chart of pump flow versus AP was developed using an ultrasonic flow meter to 
measure flow at definitive APs. After this chart was completed, AP measurements were used to 
approximate water flow at every data-logged AP recording. This information proved to be very 
difficult to work with due to the flat pump curves that were obtained. (The flow could change 
drastically with very little AP change.) AH&P decided that installing permanent ultrasonic flow 
meters connected to our data loggers would be a better approach. The flow of the chilled and hot 
water systems as measured by the ultrasonic flow meters was used to calculate baseline building 
heating and cooling loads at each data-point. Also, the instantaneous flow of the condenser water 
system was measured and recorded. Since the condenser water system was a fixed system with no 
variable speed pumps of modulating valves, the condenser water flow was determined to be constant. 


5.2.5 Data Collection Equipment (Baseline): 


New and existing data-logging equipment was used at each site for obtaining baseline reference 
data. Various types of equipment and methodologies were used to obtain the information critical 
for comparison purposes. Due to the inability to achieve a network connection to remotely 
download the recorded periodically, on-site visits were used to manually download the information 
before the hardware’s hard drive space was full. 
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A detailed list of the baseline data collection equipment used for the demonstration project at 
MCLB is as follows in Table 5.3, while the equipment used for the demonstration project at Fort 
Benning is shown in Table 5.4. A detailed list of the demonstration data collection equipment 
can be found in Table 5.9. 


Table 5.3. MCLB Albany: Detailed List of Baseline Data Collection Equipment 


MCLB ALBANY - BUILDING 3700 


Location 
U-30 Datalogger (2) Mech 154 


Manufacturer 
Onset 
Onset 
Continental Controls 


erial No. 
10137871 


Logging Interval 
3 Minutes 
3 Minutes 10197733 
3 Minutes 10101866 (1 
3 Minutes 9804494 (1 
3 Minutes 9819490 (1 
3 Minutes 10101876 (1 
3 Minutes 9812618 (1) 
3 Minutes 10101874 (1 ontinental Controls 
3 Minutes 9804493 (1) TC 
3 Minutes 9812580 (1) | Co 4 
3 Minutes 0125753 ( 
3 Minutes 0125753 (3) 
3 Minutes 10141564 
3 Minutes 1016 
3 Minutes 1014157. 
0187576 


U-30 Datalogger (3) Mech 154 
Watt Node (Watt Hour Meter) 400 Ton Chiller 


Watt Node (Watt Hour Meter) 200 Ton Chiller 


Watt Node (Watt Hour Meter) 200 Ton Chiller Pum 


Continental Controls 
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Condenser Water Pum 
400 Ton Chiller Pum 
Hot Water Pump-| 
Hot Water Pump-2 
Hot Water Pump-3 
Differential Pressure Transducer 200 Ton Chiller Pum 
Differential Pressure Transducer 400 Ton Chiller Pump 
Differential Pressure Transducer Cooling Tower Pum) 
Hot Water Pump-1 Suct 
Hot Water Pump-1 Disch. 
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Omega 
Omega 
Ashcroft 
Ashcroft 
Ashcroft 
Ashcroft 
Ashcroft 
Ashcroft 
Onset 
Onset 
Onset 
Onset 
Onset 
Onset 
Onset 
Onset 
Onset 
Onset 
Onset 
Onset 
Onset 
Onset 
Onset 
Onset 
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Hot Water Pump-2 Suct. 

Hot Water Pump-2 Disch. 3 Minutes 0187576 
Hot Water Pump-3 Suct. 3 Minutes 10141577 
Hot Water Pump-3 Disch. 3 Minutes 10164445 


400 Ton Chiller Supply 3 Minutes 10177405 
400 Ton Chiller Return 10172403 
200 Ton Chiller Return 3 Minutes 10172406 
200 Ton Chiller Supply 3 Minutes 10172407 
. upstream of 200T Chill. 3 Minutes 10177403 
CHW Supply Main 3 Minutes 10177404 
CHW Return Main 3 Minutes 9900673 
Hot Water Return Main 3 Minutes 10177432 
E s Sensor (Strap On) Hot Water Supply Main 3 Minutes 10172404 
Mech. 114 3 Minutes 9824639 
erature/Relative Humidity Sensor AHU-1A Return Air 3 Minutes 9824689 
erature/Relative Humidity Sensor AHU-1A Mixed Air 3 Minutes 9824694 
erature/Relative Humidity Sensor AHU-1A Supply Air 3 Minutes 9824701 
erature/Relative Humidity Sensor AHU-1B Return Air 3 Minutes 9824696 
erature/Relative Humidity Sensor AHU-IB Mixed Air 3 Minutes 9807672 
erature/Relative Humidity Sensor AHU-1B Supply Air 3 Minutes 9824693 
AHU-1A Disconnect 3 Minutes 10101877 (1 
K AHU-1B Disconnect 3 Minutes 9835267 (1) 
at AHU-IA &1 3 Minutes 10146207 
erature/Relative Humidity Sensor AHU-2A Return Air 3 Minutes 9824700 
erature/Relative Humidity Sensor AHU-2A Mixed Air 3 Minutes 9807665 
erature/Relative Humidity Sensor AHU-2A Supply Air 3 Minutes 9807660 
erature/Relative Humidity Sensor AHU-2B Return Air 3 Minutes 9807658 
erature/Relative Humidity Sensor AHU-2B Mixed Air 3 Minutes 9824695 
Temperature/Relative Humidity Sensor AHU-2B Supply Air 3 Minutes 9824703 
Watt Node (Watt Hour Meter) AHU-2A Disconnect 3 Minutes 9835268 (1 
Watt Node (Watt Hour Meter) AHU-2B Disconnect 3 Minutes 9819487 (1 
Mech. 209 3 Minutes 9836842 
Temperature/Relative Humidity Sensor AHU-3A Return Air 3 Minutes 9824691 
Temperature/Relative Humidity Sensor AHU-3A Mixed Air 3 Minutes 9824690 
Temperature/Relative Humidity Sensor AHU-3A Supply Air 3 Minutes 9807669 
Temperature/Relative Humidity Sensor AHU-3B Return Air 3 Minutes 9824692 
Temperature/Relative Humidity Sensor AHU-3B Mixed Air 3 Minutes 9807659 
Temperature/Relative Humidity Sensor AHU-3B Supply Air 3 Minutes 9807662 
AHU-3A Disconnect 3 Minutes 9835270 (1 
: AHU-3B Disconnect 3 Minutes 9819448 (1 
Mech. 310 3 Minutes 9836841 
ERU Exhaust Air Entering 3 Minutes 9807668 
Temperature/Relative Humidity Sensor ERU Exhaust Air Leaving 3 Minutes 9824698 
Temperature/Relative Humidity Sensor ERU Outside Air Entering 3 Minutes 9824707 
3 Minutes 824706 (1 
3 Minutes 0101872 ( 
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Table 5.3. MCLB Albany: Detailed List of Baseline Data Collection Equipment (cont’d) 


U-30 Datalogger (8) Roof @ ERU 


Watt Node (Watt Hour Meter) Mechanical Yard 10101875 | Continental Controls 
U-30 Datalogger (9) Mechanical Yard 


= 
U-20 Water Level Logger Well Depth 150' from TOC (10) 
TFX Ultrasonic Flow Meter Main Chilled Water Piping (Mech Room) 
NA ic 


U-20 Water Level Logger BH #1 Depth 200' from TOC (10) 10137380 
TFX Ultrasonic Flow Meter Main Hot Water Piping (Mech Room) 


U-20 Water Level Logger BH #2 Depth 150’ from TOC (10) 10121324 


Well-140° 


Table 5.4. Fort Benning: Detailed List of Baseline Data Collection Equipment 


FORT BENNING - BUILDING 3215 


Hobo 
Equipment 107 3 Minutes Hobo 
Chilled Water Pum 3 Minutes Continental Controls 
Hot Water Heating Pum 3 Minutes ‘ontinental Controls 
AHU Fan Motor 3 Minutes “ontinental Controls 
Watt Node (Watt Hour Meter) Domestic Water Heater Recirc, Pum 3 Minutes ‘ontinental Controls 


Watt Node (Watt Hour Meter) 3 Minutes 10101869 (1)] Continental Controls 


Logging Interval | Serial No Manufacturer 


| 


QO 


Stainless Temp Sensor (Strap On) Hobo 
Stainless Temp Sensor (Strap On) Hobo 
Stainless Temp Sensor (Strap On) Hobo 
Sensor (Strap On) Hobo 
Ashcroft 
Pressure Transducer Ashcroft 
‘hilled Water Suction/Dischar Omega 
3 Minutes Hobo 
3 Minutes Hobo 
3 Minutes Hobo 
Hobo 
Dynasonic 
Dynasonic 
ee ed | 


5.3. DESIGN AND LAYOUT OF TECHNOLOGY COMPONENTS 


The following information is used to describe the components of each demonstration project 
system. 


5.3.1 MCLB Albany (BTES): 


e System Design: The building’s existing HVAC system consisted of six variable airflow 
(VAV) air-handling units (AHUs) and 105 VAV air terminal units serving B3700. 
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Each AHU is equipped with a chilled water coil designed for 44°F entering water 
temperature and a modulating three-way valve designed to maintain 55°F air to the 
inlet of each VAV box. The existing VAV boxes were heating-only devices equipped 
with a single-row hot water coil designed for 180°F entering water temperatures. In 
the first floor main mechanical room there was a 200-ton chiller and a 400-ton chiller. 
The operation of each chiller depended upon the time of year as both chillers did not 
operate simultaneously. Each chiller operated to maintain a 44°F chilled water 
supply temperature to the AHU chilled water coils. The chiller’s source water loop 
consisted of an approximately 500 ton (1,200 GPM) cooling tower designed to supply 
85°F during peak summer conditions. The mechanical room also contained two non- 
condensing boilers designed to deliver 180°F hot water to the VAV boxes. 


The demonstration project for this location was “wrapped around” a pre-existing 
ECIP MilCon project originally conceived to be a conventional GHP project. In this 
project, the building’s existing six (6) VAV AHUs, which were recently replaced 
during a renovation project, remained for reuse while the associated VAV terminal 
units were replaced. The new VAV boxes were equipped with deep-row heating coils 
to achieve the necessary heating load capacity with 115°F heating hot water 
temperature in lieu of the original 180°F. The existing chillers, boilers, cooling tower 
and pumps were also replaced with a new central plant capable of providing the 
necessary chilled and hot water supply temperatures. The boilers and chillers were 
replaced with water-cooled heat recovery modular chillers, which can generate 
chilled water (CW), heating hot water (HW) or both as needed for space heating and 
space cooling purposes. 


The BTES design has four separate water loops; CW, HW, source water (SW) and 
BTES water. The BTES water loop is responsible for pumping water thru the closed 
loop piping system that is coupled to two (2) dry coolers and 306 vertical boreholes 
(GHX) that serve as the heat source (in winter) and heat sink (in summer). The SW, 
which is responsible for pumping water thru the modular chillers, is connected to the 
BTES loop by a de-coupler pipe (sometimes referred to as a bridge). This piping 
architecture is typical of Primary/Secondary pumping and requires two separate 
pumps but allows each loop to operate independently. 


Initially, the existing natural gas hot water heaters were going to be replaced with a 
dedicated geothermal domestic hot water (DHW) system. However, observations 
concluded that B3700 does not utilize enough DHW to justify the use of a dedicated 
geothermal DHW heater. Therefore, the final plan was to keep the existing DHW 
system in place. 


The preliminary (non-modeled) GHX was designed at 510 boreholes, 210 feet deep, 
8-foot spacing, 1-’2” @ u-bends with five u-bends in series. After dozens of 
TRNSYS optimization simulations, it was determined that the GHX could be revised 
to 306 boreholes, 200 feet deep, 20-foot spacing, 1-'4” @ u-bends with three u-bends 
in series. This design decreased the pressure drop thru the GHX, which allowed for 
smaller pumps and better energy performance. 
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e System Depiction: The following diagrams and schematics will help depict the BTES 
system and how it is applied to this demonstration project. 


Dry Coolers 
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Figure 5.1. . BTES Charging Mode Flow Schematic Diagram 
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Figure 5.2. BTES Discharging Mode Flow Schematic Diagram 
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Figure 5.3. BTES Typical Sub-Circuit Piping Schematic 
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Figure 5.4. | Heat Recovery Modular Chiller Flow Diagram 
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Components of the System: The heat recovery modular chiller that was utilized has six 
(6) pipe connections; CW inlet/outlet, HW inlet/outlet and SW inlet/outlet. When a 
chiller is operating in cooling mode, the CW connections are active as well as the SW 
connections. When a chiller is in heating mode, the HW and SW connections are active. 
We also achieve even higher energy efficiency by utilizing heat recovery. In the heat 
recovery mode, the SW connection is inactive while both the CW and HW connection are 
active. The modular chiller will take the waste cooling from the HW loop and use it to 
produce 44°F CW supply water. The modular chiller will also take the waste heat from 
the CW loop and use it to produce 115°F HW supply water. 


The adiabatic dry-cooler functions as the cold-capture (i.e. heat rejection) device during 
milder (lower) outside ambient conditions. This active device combines with the 
borehole based GHX to form the BTES system. While the intent is to operate the dry- 
cooler predominantly in the dry mode, we are using a “hybrid” type dry-cooler which can 
also operate in the wet mode a few hours per year, if needed, during extreme or 
unexpected peak conditions. To date, the BTES system has not utilized the dry cooler in 
the wet mode. The adiabatic dry cooler is equipped with high pressure spray nozzles that 
adiabatically cool the outside air stream before entering the V-Bank coils, which allows 
for an increase in heat rejection capacity due to the colder air stream. The use of an 
adiabatic dry cooler with adiabatic spray nozzles eliminates the need for a chemical 
treatment system for the BTES loop (other than a one-shot chemical feeder) and keeps 
the V-Bank coils dry. After multiple TRNSYS optimization simulations, we designed 
around two (2) dry coolers to achieve greater energy savings and performance. 
TRNSYS simulations determined that operating over-sized dry coolers with fans at half 
or quarter speed, will reduce annual energy consumption significantly with only a 
minimal reduction in heat rejection performance. 


The new VAV boxes will be equipped with deep-row heating coils to achieve the 
necessary heating load capacity with 115°F heating hot water temperature in lieu of the 
current 180°F. The modular chillers can produce up to 165°F HW using R-134a 
refrigerant. However, the energy efficiency improves when the modular chillers are 
allowed to produce 135°F or lower hot water with R-410a refrigerant. 


System Integration: The existing six (6) AHUs were recently replaced in a renovation 
project and did not have to be replaced for this project. The AHUs are adequate for 
providing enough cooling capacity for the given design conditions. With the modular 
chiller’s ability to produce 44°F chilled water supply temperature, the integration 
between it and the AHUs was straightforward. The controls were also renovated at the 
time the new AHUs were installed, which also integrated well with the new controls that 
were installed for the central plant upgrade/replacement. The existing chilled water and 
heating hot water piping outside of the first-floor main mechanical room was also kept. 
Since the GPM for both systems (chilled and hot) was kept identical to existing 
conditions, this allowed the interior piping remain in place. The selection of the new 
VAV boxes was carefully and strategically engineered to incorporate deeper-row coils 
with lower hot water supply temperatures at the same water flow, while still supplying 
the necessary sensible heating capacity to each zone. 
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System Controls: The BTES pumping design is variable flow on the CW, HW, SW and 
BTES loops. The CW loop pump is controlled by two different differential pressure (AP) 
sensors in the CW piping. One sensor is located across the modular chiller headers to 
maintain a set-point pressure differential. The other sensor is located in the chilled water 
piping headers located on the third floor. The controls will maintain the set-point of the 
sensor located in the modular chiller headers by modulating the chilled water pumps 
speed in response to pressure drop change caused by multiple chiller modules being 
activated/de-activated. As control valves in the chilled water system (at the AHUs and at 
the modular chillers) begin to close (AP increases) or open (AP decreases), the CW 
bypass valve will modulate open to keep minimum flow through the pump. 


The HW loop pump will also be controlled in a similar manner to the CW loop pump. 


The SW loop pump is variable speed and is also controlled based on the AP across the 
bank of modular chillers. As the CW and HW loop temperatures begin to indicate that 
cooling and/or heating demand is being satisfied, the chillers will begin to de-energize 
and their motorized valves will close, which will increase the AP. The SW pump then 
throttles back to maintain the AP set-point. As the chillers begin to energize again, their 
motorized valves will begin to open and the AP will decrease causing the SW pump to 
speed up to maintain the set-point. 


The BTES loop pump is also be variable speed. However, its speed is controlled by the 
operation and flow rate of the SW loop pump. The BTES loop pump is controlled to 
operate at a flow rate slightly higher than the SW loop pump. Otherwise, this would 
cause operational issues at the modular chillers. 


There are also several controls valves in the BTES system that serve various purposes. 
One set of control valves allow flow reversal thru the GHX. In times of the year when 
return water to the GHX is colder than the GHX core temperature, flow direction is 
routed core-to-perimeter (charging). In times of the year when the return water to the 
GHxX is hotter than the GHX core temperature, flow direction is routed perimeter-to-core 
(discharging). Another set of valves is designed for bypassing the dry coolers. If the 
return water from the building is hotter than the outside air dry-bulb temperature by a set- 
point temperature differential, then the dry coolers will energize. However, if this set- 
point temperature differential is inadequate, the dry coolers do not energize and water 
flow is bypassed around the dry coolers and routed to the GHX. 


While the BTES system will operate most of the time with the DDC system, provision 
was made in the design to have the system capable of operating manually in case of a 
DDC failure. Manual mode allows maintenance personnel to operate the system while 
the DDC system is being repaired. While manual operation does not encompass the 
controls necessary to optimize the BTES system operation, it allows maintenance 
personnel to keep the HVAC system operational and building conditioned. 


A more detailed Control Diagram of the BTES system can be seen in Appendix C. 
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5.3.2 Fort Benning — Building 3215 (ATES): 


System Design: The building’s existing HVAC system consisted of a multi-zone AHU 
with seven (7) zone dampers. The AHU was equipped with a chilled water coil designed 
for 44°F entering water temperature and a modulating two-way valve that was designed 
to maintain 59°F air to each zone. The AHU was also equipped with a hot water coil 
designed for 180°F entering water temperature. The chilled water was produced at 
nearby central plant facility, which supplies chilled water to multiple facilities. The hot 
water was produced by a natural gas boiler installed in the mechanical room. 


For this demonstration project, the existing AHU, boiler, pumps, hot water piping, chilled 
water piping and ductwork in the mechanical room was removed and replaced with a new 
HVAC system. The HVAC system now consists of individual water source heat pumps 
(WSHPs) serving each of the seven (7) zones. In lieu of chilled water and hot water, the 
WSHPs utilize source water supplied by the ATES system. The ATES system has warm 
and cold wells that operate as injection or extraction wells depending upon building 
heating/cooling loads and outside air conditions. The water extracted from the aquifer is 
hydraulically separated from the WSHP source water by a stainless-steel plate-and-frame 
heat exchanger (HX). This will insure that the water injected back into the underground 
formation will be free any refrigerant that could possibly leak from the WSHPs. 


An adiabatic dry cooler is also being utilized for this project to provide an active means 
of storing seasonal energy into the underground aquifer. Depending on the time of year 
and outside air conditions, the dry cooler operates to capture the cold of winter and store 
its energy for use during the cooling dominant months of the year. Due to the location of 
the facility in the South East and results from preliminary modeling, building loads are 
cooling dominated and the operation of the dry cooler is needed to achieve a balanced 
load condition on the underground aquifer. 


System Depiction: The following diagrams and schematics will help depict the ATES 
system and how it is applied to this demonstration project. 
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Figure 5.5. | ATES Cold Charging Mode Flow Schematic Diagram 
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Figure 5.6. ATES Cold Discharging Mode Flow Schematic Diagram 


Components of the System: There are several key components to the ATES system. 
Each component is critical to achieving a successful system capable of providing enough 
heating and cooling source energy for B3215. Each well has a submersible pump and 
control valve capable of allowing each well to operate as either an injection or extraction 
well. During cooling dominant times of the year, water is extracted from the cold well, 
passed thru the plate HX, and injected into the warm well. During heating dominant 
times of the year, water is extracted from the warm well, passed thru the plate HX, and 
injected into the cold well. The motive behind this design is to raise the COP of the 
HVAC equipment during applicable times of the year to increase energy efficiency and 
reduce energy usage. 


The dry-cooler functions as the cold-capture (i.e. heat rejection) device during milder 
(lower) outside ambient conditions. The intent is to operate the dry-cooler only in 
the dry mode, therefore a dry type (non-adiabatic hybrid) dry cooler was installed. 
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The installation and operation of the dry cooler allows the design to actively store 
seasonal energy in the underground aquifer at optimal times of the year until the stored 
energy is needed. Given the load imbalance of this facility, the dry cooler is critical to 
achieving a balanced thermal load on the aquifer. 


The use of WSHPs for the project is also important. WSHPs can operate against a wide 
range of source water temperatures to provide heating or cooling, depending on the load 
of the particular zone. WSHPs allow for maximum operating flexibility for this 
demonstration project. Down to certain entering source water temperatures, WSHPs 
EERs increase when operating in the cooling mode. Alternately, up to certain entering 
source water temperatures, WSHPs COPs increase when operating in the heating mode. 


System Integration: The integration of the seven (7) new WSHPs to the existing 
ductwork system was straightforward. To reduce cost and installation inconvenience to 
the personnel working in this facility, the existing ductwork and grilles were kept in 
place. With engineering and selection of the new WSHPs to maintain approximately the 
same airflow as the existing system, the existing ductwork was only removed at strategic 
locations in the mechanical room with the new ductwork connected back to those 
locations from the new WSHPs. 


Unfortunately, with the existing system consisting of a chilled water coil from a central plant 
and a hot water coil from a natural gas boiler, neither of these systems could be re-used. 


System Controls: The current pumping design is variable flow on the source water 
(SW), dry cooler (DC), and ATES loops. The SW loop pumps are variable speed and are 
integral to the water source heat pumps. The pumps are controlled to maintain a AT set 
point between the WSHP loop supply and return water. As the room thermostats begin to 
indicate that cooling or heating demand is being satisfied, the WSHPs will begin to de- 
energize. As the WSHPs de-energize, their control valve closes and the internal pump 
de-energizes. As the WSHPs begin to energize again, their motorized valves open and 
they each control to maintain their respective AT set point. 


The dry cooler loop pump is also variable speed. When the cold well is being discharged, 
the dry cooler loop pump operates when the supply water from the cold well is hotter than 
the outside air dry-bulb temperature by a set-point temperature differential. However, if this 
set-point temperature differential is inadequate, the dry cooler does not energize and water 
flow is bypassed around the dry cooler HX and routed to the WSHP HX and then the warm 
well. Alternately, when the warm well is being discharged, the dry cooler loop pump will 
operate when the return water from the WSHP HX is hotter than the outside air dry-bulb 
temperature by a set-point temperature differential. However, if this set-point temperature 
differential is inadequate, the dry cooler does not energize and water flow is bypassed 
around the dry cooler HX and routed to the cold well. 


The ATES loop pump and flow direction is controlled by the operation of the building. 
If the DDC system monitors the building and determines that it is operating in the 
cooling mode, the ATES loop will initially start-up with the cold well pump operating. 
If the OA conditions are ideal and its operation can net cool the warm well water 
temperature to the same temperature of the cold well, the flow will reverse and the 
water from the warm well will pass thru the dry cooler HX and then to the WSHP HX. 
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Otherwise, the cold well bypasses the dry cooler HX and supply water to the WSHP HX 
and then to the warm well. If the DDC system monitors the building and determines that 
it is in the heating mode, the ATES loop will start-up with the warm well pump 
operating. The warm well supply water then passes thru the WSHP HX. The water 
leaving the WSHP HX then passes through the dry cooler HX, and if the OA conditions 
are ideal and its operation can cool the water temperature efficiently, the dry cooler and 
dry cooler pump will operate. This water leaving the dry cooler HX then is routed to the 
cold well. A sample description of a sequence of control would be as follows: 


— If (Building = cooling mode) 
=  AndIf (Dry cooler can net cool warm well (plus heat added from building) water 
temperature to < cold well temperature) 
e Then (Flow = warm well to WSHP HX to dry cooler HX to cold well) 
" Else (flow = cold well to dry cooler HX to WSHP HX to warm well) 
— Elself (Building = heating mode) 
« Then (Flow = warm well to WSHP HX to Dry Cooler HX to cold well) 
e If (warm well temperature — OA temperature > set-point) 
oO Then (dry cooler = “ON”) 
e Else (dry cooler = “OFF’’) 
— Else (Building = “OFF”) 
= AndlIf (warm well temperature — OA temperature > set-point) 
e Then (dry cooler = “ON”) 
" Else (dry cooler = “OFF”) 


There are also several controls valves in the ATES system that serves various purposes. 
One control valve will allow flow to bypass the dry cooler HX when OA conditions are 
not ideal for seasonal storage. Another control valve allows flow to bypass the WSHP 
HX when the WSHP loop is inactive and when OA conditions exist to efficiently charge 
the cold well. This would allow the ATES loop to over pump and bypass water around 
the WSHP HX when less than peak conditions exist. This is important since there will be 
a need to mass balance (gallons) between the warm and cold wells, on an annual basis. 
Due to the cooling dominated loads of the building, water from the warm well needs to 
bypass the WSHP HX when ideal to achieve this mass balance. The two other control 
valves are injection valves, each located in the warm wells and cold wells. These valves 
are essential to allow the flow to reverse between the warm well and cold well. 


While the ATES system will operate most of the time with the DDC system, provision 
was made in the design to have the system capable of operating manually in case of a 
DDC failure. Manual mode will allow maintenance personnel to operate the system 
while the DDC system is being repaired. While manual operation does not encompass 
the controls necessary to optimize the ATES system operation, it allows maintenance 
personnel to keep the HVAC system operational and building conditioned. 


A representative control diagram of the ATES system can be seen in Appendix C. 
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5.4 OPERATIONAL TESTING 


The following information is used to provide a description of significant operational testing 
phases of the technology. 


Baseline reference information was collected up to the point where installation of the new system 
began. After the installation of the new equipment was complete, a full Commissioning (Cx) and 
Test, Adjust and Balance (TAB) process was performed. Data-loggers were re-installed in 
applicable areas to achieve the information necessary to compare the demonstration project 
against the baseline reference. Along with the installed data-loggers, the new controls had the 
necessary sensors installed to operate the new system effectively and efficiently. A list of 
conditions that recorded by the demonstration project at MCLB and Fort Benning is as follows in 
Table 5.7. 


5.4.1 System Start Up: 


All systems involved with the BTES and ATES systems were fully commissioned. During the 
Commissioning (Cx) process, the new equipment was installed and started up per the 
manufacturers recommendations. In addition to this, AH&P performed flushing and purging of 
the BTES system to ensure that the boreholes were free from all air and debris. AH&P also 
assisted with well development of the ATES wells. 


5.4.2 Operational Testing Under Different Operating Parameters: 


All systems involved with the BTES and ATES systems were fully commissioned. During the 
Commissioning (Cx) and Test, Adjust and Balance (TAB) process, the new equipment 
operated at various conditions to simulate peak cooling and heating loads as best as possible. 
Once all the equipment passed the Pre-Functional Performance Test Checklist, Functional 
Performance Testing (FPT) was performed during the Cx phase at various types of operating 
modes (Cooling/ Heating/Heat Recovery/etc.). Identical pieces of equipment such as VAV 
boxes were sampled at 20% for pre-functional and functional testing. See Appendix I for the 
Cx and TAB report. 


5.4.3 Operational Testing During Warranty Phase 


AH&P continued to test and fine tune the BTES system after construction by monitoring and 
optimizing the operation of the system. 


5.4.4 Timeline: 
The below charts indicate the time period for the operational testing of the BTES and ATES 


systems. Note that since the ATES system is under construction, the time periods are not yet 
available for operational testing. 


62 


Table 5.5. MCLB: BTES Operational Testing Timeline 


BTES Operational Testing Te 
po Task CT Start Date [End Date _| 
fant Sat Up 03/27/15] 5/1/2015 


4/21/2015 
Sj 


Warteiity Phase Oneistional Toning 8/1/2015} 7/31/2015 


Table 5.6. Ft Benning: ATES Operational Testing Timeline 


| |Pask Start Date [End Date _| 
| | Equipment StartUp TBD TBD 
J __—__}—__—_— 


9 
= aa Testing Adjusting, aa Balancing of Systems 
3 arranty 7 Dhais Cpestional Testin 


5.55 SAMPLING PROTOCOL 


The following information will illustrate the sampling protocol used in the collection of relevant 
and sufficient data to validate the technology cost and performance under real-world conditions. 
Table 5.7 below illustrates the sensors and devices used to sample and monitor the BTES and 
ATES systems performance. For a chart Illustrating the sensors and devices used for 
sampling/monitoring the baseline system see Table 5.3 & 5.4. The sampling devices have not 
been installed yet for the newly constructed ATES project. 


The method used for sampling was to utilize a combination of standalone data loggers, remote 
access data loggers sending live stream data over a secure cellular network, and the Building 
Automation System storing trend data. This data was analyzed monthly to determine the 
performance and energy savings of the systems. 
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Table 5.7. MCLB BTES Demonstration System Monitoring Devices 


MCLB ALBANY - BUILDING 3700 BTES System Monitoring Devices 


Logging Interval 
U-30 Datalogger (2) 5 Minutes 
U-30 Datalogger (3) 5 Minutes 
U-30 Datalogger (5) 5 Minutes 
Temperature/Relative Humidity Sensor 5 Minutes 
Temperature/Relative Humidity Sensor 5 Minutes 
Temperature/Relative Humidity Sensor 5 Minutes 
Temperature/Relative Humidity Sensor 5 Minutes 
Temperature/Relative Humidity Sensor 5 Minutes 
Temperature/Relative Humidity Sensor 5 Minutes 
Watt Node (Watt Hour Meter) 5 Minutes 
Watt Node (Watt Hour Meter) 5 Minutes 
Stainless Temp Sensor (Strap On) at AHU-1A &1B 5 Minutes 
M Temperature/Relative Humidity Sensor 5 Minutes 
N Temperature/Relative Humidity Sensor 5 Minutes 
Temperature/Relative Humidity Sensor 5 Minutes 
Temperature/Relative Humidity Sensor 5 Minutes 
Temperature/Relative Humidity Sensor 5 Minutes 
Temperature/Relative Humidity Sensor 5 Minutes 
Watt Node (Watt Hour Meter) 5 Minutes 
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Table 5.9. MCLB BTES Demonstration System Monitoring Devices (Continued) 


Water Temperature Insertion Probe BTES bore field circuit well #3 East 
< Water Temperature Insertion Probe BTES bore field circuit well 43 West 
Dry Cooler Common EWT 
Pressure Transducer North BTES Header Pressure 
Pressure Transducer South BTES Header Pressure 
Eze System 
E-Mag Flow Meters Onicon 


Temperature Well Water Temp Sensor BTES Return BAPI 
Temperature Well Water Temp Sensor Dry Cooler Common Inlet Temperature 5 Minutes 


E-Mag Flow Meters Source Flow Onicon 


Temperature Well Water Temp Sensor Dry Cooler Common Outlet Temperature BAPI 


BTES Reversing Valves & DC Valve COV 


Temperature Well Water Temp Sensor BTES Supply BAPI 
BTES Pumps LOL01876 (1) 


5.5.1 Calibration of Equipment: 


The instrumentation used to collect the data samples were off the shelf sensors and data loggers. 
AH&P verified the calibration of the off the shelf devices using handheld NIST calibrated 
instruments. AH&P is certified by NEBB for Testing, Adjusting, and Balancing (TAB), Retro 
Commissioning (RCx), and Commissioning (Cx) of HVAC systems, and therefore keeps a 
complete set of calibrated instruments on the shelf as required by NEBB for field verification of 
sensors. AH&P maintains calibration of the set of shelf instruments annually per NEBB’s 
procedural standards for the disciplines we are certified in. 


5.5.2 Quality Assurance Samples: 


As stated above AH&P verified the accuracy of the sensors and data loggers using handheld 
NIST traceable calibrated instruments in accordance with the NEBB Procedural Standards. In 
addition to this, multiple points were sampled in several different locations and with different 
logging equipment. For example, the BTES supply and return temperature was recorded using 
immersion sensors connected to a standalone datalogger. In addition to this the BTES supply and 
return temperature was also recorded using the building automation system. Another example of 
quality assurance sampling is that the chilled and hot water supply and return temperatures were 
monitored by sensors connected to data loggers in the mechanical room, and was also monitored 
by sensors connected to a data logger located in the break room. The chilled and hot water flows 
were recorded by flow meters connected to stand alone data loggers located in the break room, 
and was also recorded by flow meters connected to the Building Automation System. 
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5.6 SAMPLING RESULTS 


The data recorded in the pre-demonstration and the demonstration period resulted in literally 
millions of data points that were analyzed using standard computer programs such as Onset 
Hoboware, Microsoft Excel, and Microsoft Access. The data files were required to be split up 
monthly to keep the file size down, and the results were compiled into a summary spreadsheet. In 
addition to the logged data, historical weather data was compared for each site location for both 
the pre-demonstration and the demonstration period. The below graphs are used to show the 
results of each point that was monitored in terms of both spatial and temporal dependence. 


5.6.1 MCLB Bldg. 3700 BTES Baseline Period Data Graphs 
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Figure 5.7. MCLB BTES AHU-1 A&B Baseline Data Graph 
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MCLB Bldg. 3700 
Data Logger #2 AHU-2 A&B 
Baseline Data Graph 
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Figure 5.9. MCLB BTES AHU-3 A&B Baseline Data Graph 
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MCLB Bldg. 3700 
Data Logger #4 Cooling Tower 
Baseline Data Graph 
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Figure 5.10. MCLB BTES Cooling Tower Baseline Data Graph 


MCLB Bldg. 3700 
Data Logger #5 Energy Recovery Unit 
Baseline Data Graph 


AHU Rocf MCLB New #1 


100 300 


aoe 


80 


400-4 


+ T r T T 3] 
ors 13 ota ost osits ora varia 


Figure 5.11. MCLB BTES Energy Recovery Unit Baseline Data Graph 
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MCLB Bldg. 3700 
Data Logger #6 CHW & HW Flow 
Baseline Data Graph 
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Figure 5.12. MCLB BTES CHW & HW Flow Baseline Data Graph 
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Baseline Data Graph 
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Figure 5.13. MCLB BTES CHW Temp/Pump DP/Pump KW Baseline Data Graph 
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MCLB Bldg. #3700 
Data Logger #8 CHW & HW Temps/DP/PSI 
Baseline Data Graph 
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Figure 5.14. MCLB BTES CHW & HW Temps/Pump DP Baseline Data Graph 


5.6.2 MCLB Bldg. 3700 BTES Demonstration Period Data Graphs 
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Figure 5.15. MCLB BTES North & South Header Temps/BTES & Source Flow 
Demonstration Data Graph 


70 


1/27/2017 


History for AH&P EzeSystem #6 


inv VA 


wu 
° 
1, 
60 
50 
40 
07-13 07-16 07-19 
11:38 07:23 03:08 


History for AH&P EzeSystem #6 


AV iy VA 
ny i) NK Ave 


, 500 & 
uv 
250 
0 
07-21 07-24 07-27 07-30 
22:53 18:38 14:23 10:08 
Time 
July 2016 


ChartLegend: __ 
Dry Cooler EWT[5114 pt 
Dry Cooler EWT alarms 
North BTES Header Tem 


North BTES Header Tem; , 


History for AH&P EzeSystem 


Range: 16d ean 30min 14s 
Data points: 4655 


Min: -33.9 °F 
Max: 101.1 °F 
Average: 90.32 °F 
Std. dev.: 7.427 


Area 36726.7 °Fh 
Visible Area: 20611.3 °Fh 


Figure 5.16. MCLB BTES North & South Header Temps/BTES & Source Flow 
Demonstration Data Graph (July 2016) 
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Figure 5.17. MCLB BTES Dry Coolers and Sump Pumps Demonstration Data Graph 
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1/27/2017 History for AH&P EzeSystem #2 
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Figure 5.18. MCLB BTES Supply and Return Temps Demonstration Data Graph 
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Figure 5.19. MCLB BTES AHU-1 A&B Demonstration Data Graph 
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MCLB Bidg. #3700 
Data Logger #2 AHU-2 A&B 
Demonstration Data Graph 
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Figure 5.20. MCLB BTES AHU-2 A&B Demonstration Data Graph 


MCLB Bidg. #3700 
Data Logger #3 AHU-3 A&B 
Demonstration Data Graph 
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Figure 5.21. MCLB BTES AHU-3 A&B Demonstration Data Graph 
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MCLB Bidg. #3700 
Data Logger #4 BTES & Source Pumps 
Demonstration Data Graph 
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Figure 5.22. MCLB BTES and Source Pumps Demonstration Data Graph 
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Figure 5.23. MCLB BTES Chillers/Main Breaker/Source Temps Demonstration Data 
Graph 
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MCLB Bldg. #3700 
Data Logger # CHW & HW Flow 
Demonstration Data Graph 


MCLB HW & CHW Flow & delta t-9 


200- 20 
‘ bi == Current, mA (HW Flow) 
180 4 =--Temp, °F (CHW RETURN) 
r =~ Temp, °F (HW SUPPLY) 
faa hag == Temp, *F (HW RETURN) 
2 —Current, mA (CHW Flow) 
140- 14 
120- 12 
*  100- Ho 2 
80 - 8 
60- ke 
40- 4 
20- 2 
o T cin T T T T T T T T To 
05'15 O75 09/15 4115 3/16 05/16 o76 ose 116 
O8/. 1/15 12.00:00 AM GMT-04:00 11/01/16 12:00:00 AM GMT 


Figure 5.24. MCLB BTES Chilled and Hot Water Flow Demonstration Data Graph 


MCLB Bidg. #3700 
Data Logger #7 CHW & HW Temps 
Demonstration Data Graph 
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Figure 5.25. MCLB BTES Chilled and Hot Water Temps Demonstration Data Graph 


ie 


5.6.3 Ft Benning Bldg. 3215 ATES Pre-Demonstration Period Data Graphs 
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Figure 5.27. Fort Benning Datalogger #2 Baseline Data Graph 


76 


Ft. Benning Bldg. 3215 
Data Logger #3 CHW Flow 
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Figure 5.28. Fort Benning Datalogger #3 Baseline Data Graph 
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Figure 5.29. Fort Benning Datalogger #4 Baseline Data Graph 
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6.0 PERFORMANCE ASSESSMENT 


Data analysis was conducted in support of each performance objective listed in Section 3.0. The 
analysis process varied amongst each performance objective as some objectives involved recorded 
data comparison while some objectives involved both recorded and modeled data. Applicable 
energy modeling energy consumption output reports are included as part of Appendix J. 


The following information provides a summary of the analysis completed for each performance 
objective. 


6.1.1 Quantitative Performance Objectives: 


1. Performance Objective: Reduction in Energy Consumption vs. Conventional 
HVAC 


The first quantitative performance objective is to evaluate the energy consumption of 
each GHP-USTES system when compared to a conventional HVAC system. The 
existing HVAC system operating at MCLB prior to the demonstration installation 
was considered a conventional HVAC system consisting of chillers, cooling towers, 
boilers, Central AHUs (equipped with chilled water coils) and VAV boxes (equipped 
with hot water coils), which is a typical application for large commercial buildings. 


The existing HVAC system at Fort Benning is an outdated HVAC system, which was 
used more often in the past, but is still considered a conventional HVAC system. The 
existing system utilized a multi-zone AHU equipped with both a chilled water coil 
(cold deck) and hot water coil (hot deck), which provides air to various thermal zones 
in B3215 using zone dampers. The chilled water for this building was produced 
using large centrifugal chillers and cooling towers at a central plant location, while 
the heating hot water was generated by a natural gas hot water boiler located in the 
building’s mechanical room. 


As described in Section 5.5, many performance conditions were monitored and 
recorded at each demonstration site. The existing HVAC system at both sites are used 
as the baseline system utilized for each of their respective performance objective 
analysis. For the BTES system, over a year’s worth of data was recorded for both the 
baseline and demonstration systems. The data recorded for each system was used for 
the comparison required of this performance objective. For the ATES system, over a 
year’s worth of data was recorded for the baseline system. However, due to 
implementation issues described in Section 8.0, the ATES demonstration system is 
currently being constructed at the submission of this report. To complete the analysis 
required of this performance objective, the recorded data from the baseline system will 
be compared against estimated energy consumption expected from the ATES system. 


Analysis of the energy consumption comparison between the baseline system and 
BTES system consisted of totalizing a year’s worth of recorded data at each of the 
locations illustrated in Section 5.5. From this analysis, annual energy consumption 
for each system was calculated. Electrical consumption of the baseline system 
was recorded at all HVAC equipment affected by the installation of the BTES 
system even if it was not replaced during the demonstration system installation. 


79 


For instance, while the central VAV AHUs were not replaced, fan energy of each 
AHU was recorded for the baseline system and the BTES system to determine if their 
operation was affected. For the natural gas consumption of the baseline system’s 
condensing boiler, there was no convenient way to record gas consumption directly 
for the building. Therefore, the output of the heating hot water system was recorded 
and used in conjunction with boiler efficiency to calculate natural gas input. 


Table 6.1 and 6.2 summarizes the energy consumption for the baseline and BTES 
demonstration system. From this analysis, it was determined that the BTES 
demonstration exceeded the requirement of this performance objective. 


Table 6.1. Baseline vs. BTES HVAC Monthly Energy Consumption 


MCLB — B3700 — Baseline vs. BTES Monthly HVAC Energy Consumption Summary 


Baseline HVAC Energy Consumption BTES HVAC Energy Consumption 
Month- Electrical Gas Total Month- Electrical Gas Total 
Year (KWh) | (Therms) | (kKBTU) Year (KWh) | (Therms) | (kKBTU) 
Aug-2013 231,275 1,565 945,595 Aug-2015 200,053 0.00 682,579 
Sep-2013 227,158 2,895 1,064,568 Sep-2015 163,092 0.00 556,472 
Oct-2013 269,354 3,339 1,252,967 Oct-2015 135,746 0.00 463,164 
Nov-2013 188,771 4,412 1,085,237 Nov-2015 136,036 0.00 464,153 
Dec-2013 196,832 4,671 1,138,661 Dec-2015 131,037 0.00 447,098 
Jan-2014 94,510 3,492 671,716 Jan-2016 128,920 0.00 439,875 
Feb-2014 97,758 3,669 700,487 Feb-2016 117,327 0.00 400,318 
Mar-2014 109,705 4,152 789,550 Mar-2016 121,041 0.00 412,993 
Apr-2014 112,219 3,121 695,005 Apr-2016 115,022 0.00 392,455 
May-2014 146,426 3,178 817,442 May-2016 126,186 0.00 430,546 
Jun-2014 191,154 2,390 891,233 Jun-2016 154,984 0.00 528,806 
Jul-2014 200,423 2,558 939,643 Jul-2016 161,064 0.00 549,550 
Total: 2,065,586 39,443 10,992,103 Total: 1,690,506 0.00 5,768,008 
Table 6.2. Baseline vs. BTES HVAC Energy Consumption Summary 
MCLB - Albany, GA — B3700 
Baseline vs. BTES HVAC Energy Consumption Summary 
08/01/2013 thru 07/31/2014 08/01/2015 thru 07/31/2016 
Centrifugal Chiller/Boiler BTES 

Electrical Consumption (kWh) 2,065,586 Electrical Consumption (kWh) 1,690,506 

Gas Usage (Therms 39,443 Gas Usage (Therms 0.00 

Total Consumption (kBTU) 10,992,103 Total Consumption (kBTU) 5,768,008 

Building Area (sq. ft.) 168,138 Building Area (sq. ft.) 168,138 

HVAC kBTU/sq. ft. 65.38 HVAC kBTU/sq. ft. 34.30 

Energy Consumption Savings (kBtu) | 5,224,095 
Energy Consumption Savings (%) 47.5% 
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Analysis between the baseline system’s energy consumption and the estimated ATES 
system’s energy consumption consisted of totalizing a year’s worth of recorded data 
at each of the locations illustrated in Section 5.5 and comparing that analysis against 
estimated energy consumption of the ATES system. 


From this analysis, annual energy consumption for each system was calculated. 
Baseline electrical consumption in B3215’s mechanical room was recorded at all 
HVAC equipment affected by the installation of the ATES system. Since the existing 
HVAC system at Benning-B3215 depends upon a central plant chilled water system 
to provide 44°F chilled water, there was no direct method of recording electrical 
energy consumption at the central plant location for the purposes of determining the 
electrical energy consumption dedicated to B3215’s operation. As an alternate, the 
chilled water central plant equipment was evaluated and an equivalent central plant 
kW per chilled water ton (building cooling coil load) was calculated based on 
equipment literature and capacities. For the natural gas consumption of the baseline 
system’s boiler, there was no convenient way to record gas consumption directly for 
the building. Therefore, the output of the heating hot water system was recorded and 
used in conjunction with boiler efficiency to calculate natural gas input. 


From this analysis, annual energy consumption for each system was calculated/ 
estimated. Table 6.3, 6.4 and 6.5 summarizes the energy consumption for the 
baseline and ATES demonstration system. From this analysis, it was determined that 
the ATES demonstration is expected to exceed this performance objective. 


Table 6.3. Baseline Monthly HVAC Energy Consumption 


Fort Benning — B3215 —Baseline 
HVAC Monthly Energy Consumption Summary 
Baseline HVAC Actual Energy Consumption 

Electrical Gas Total 

Month-Year | (kwh) | (Therms) | (BTU) 
Aug-2013 12,252 0.00 41,804 
Sep-2013 12,941 0.00 44,155 
Oct-2013 15,130 0.00 51,624 
Nov-2013 8,836 124 42,548 
Dec-2013 7,262 407 65,478 
Jan-2014 6,277 518 73,217 
Feb-2014 6,257 305 51,850 
Mar-2014 6,790 41 27,267 
Apr-2014 7,056 18 25,875 
May-2014 17,040 0.00 58,140 
Jun-2014 13,540 0.00 46,200 
Jul-2014 14,011 0.00 47,806 
Total: 127,392 1,413 575,964 
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Table 6.4. Estimated ATES Annual HVAC Energy Consumption 


ESTIMATED ELECTRIC CONSUMPTION FOR ATES 
HVAC EQUIPMENT QTY | SIZE | Unit | KW/Unit | EFLH/YR | KW/YR 
Dry Cooler Loop Pump 1 2.26 KW 1.000 763 1,722 
Cold Well Pump 1 3.23 KW 1.000 1,143 3,694 
Cold Well Pump 1 3.23 KW 1.000 1,143 3,694 
Warm Well Pump 1 3.23 KW 1.000 382 1,234 
Warm Well Pump 1 3.23 KW 1.000 382 1,234 
Dry Cooler 1 5.40 KW 0.25 763 1,030 
WSHFP's (Cooling) 
WSHP-1 1 4.74 KW 1.000 2,285 10,831 
WSHP-2 1 2.78 KW 1.000 2,285 6,352 
WSHP-3 1 1.97 KW 1.000 2,285 4,501 
WSHP-4 1 2.26 KW 1.000 2,285 5,164 
WSHP-S5 1 2.01 KW 1.000 2,285 4,593 
WSHP-6 1 3.57 KW 1.000 2,285 8,157 
WSHP-7 1 4.08 KW 1.000 2,285 9,323 
WSHP's (Heating) 
WSHP-1 1 5.04 KW 1.000 763 3,846 
WSHP-2 1 3.27 KW 1.000 763 2,495 
WSHP-3 1 2.46 KW 1.000 763 1,877 
WSHP-4 1 2.32 KW 1.000 763 1,770 
WSHP-S5 1 2.44 KW 1.000 763 1,862 
WSHP-6 1 4.32 KW 1.000 763 3,296 
WSHP-7 1 4.14 KW 1.000 763 3,159 
79,834 


Table 6.5. Baseline vs. ATES HVAC Energy Consumption Summary 


Fort Benning — B3215 
Baseline vs. ATES HVAC Energy Consumption Summary 
08/01 thru 07/31 08/01 thru 07/31 

Multi-Zone AHU w/ CHW & HHW ATES 
Electrical Consumption (kWh) 127,392 Electrical Consumption (kWh) 79,834 
Gas Usage (Therms) 1,413 Gas Usage (Therms) 0.00 
Total Consumption (kBTU) 575,964 Total Consumption (kBTU) 272,394 
Building Area (sq. ft.) 9,638 Building Area (sq. ft.) 9,638 
HVAC kBTU/sq. ft. 59.8 HVAC kBTU/sq. ft. 28.3 

[SSS SS EE EEE EEE SS SS eS ee 

Energy Consumption Savings (kBtu) 303,570 
Energy Consumption Savings (“%) 52.7% 
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2. Performance Objective: Reduction in Energy Consumption vs. Conventional 
GHP HVAC 


This quantitative performance objective evaluates the energy consumption of a GHP- 
USTES system compared to a conventional GHP system. As described in Section 
5.5, many performance conditions of the existing systems and demonstration systems 
(BTES Only) were monitored and recorded for the demonstration project. The first 
performance objective addresses the energy consumption (recorded for BTES, 
estimated for ATES) of the demonstration systems, which will be used as part of the 
analysis required for this performance objective. 


Since the existing HVAC system at each demonstration site were not conventional 
GHP systems, an hour-by-hour energy simulation of both buildings was utilized to 
establish a baseline energy consumption of a conventional GHP HVAC System. The 
energy consumption from each simulation will be compared against the energy 
consumption calculated in the first performance objective for each demonstration 
system. 


For the BTES system, an eQuest (www.doe2.com) energy model of the existing 
HVAC system was completed for calculating heating/cooling loads, which was 
utilized for the BTES GHX performance simulations. For this performance objective, 
the energy model created for the existing system was modified to a conventional 
closed-loop GHP system consisting of WSHPs with no dry cooler or cooling tower. 
Prior to the modification of the energy model created for the existing system, the 
energy model’s energy consumption and loads were compared to the existing HVAC 
system’s recorded information prior to the demonstration installation. The energy 
model was then calibrated, as best as possible, based on the information gathered 
during this time period. 


The existing system had aspects which were not ideal for energy consumption 
purposes. The existing control system did not have night set-up or night set-back 
programming and the energy recovery components in the dedicated outside air unit 
was not operating efficiently. Since improvements to these aspects were not part of 
the demonstration project, the energy consumption of the BTES system was also 
saddled with those less-than-ideal operating conditions. Therefore, since the existing 
system’s energy model simulated those operating conditions, the GHP model created 
as the baseline system for this performance objective was simulated the same way. 
Tables 6.6 and 6.7 illustrate the HVAC energy consumption comparison between 
BTES recorded data and the modeled conventional GHP data. 
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Table 6.6. 


Conventional GHP vs. BTES HVAC Monthly Energy Consumption 


MCLB — B3700 — Conventional GHP vs. BTES 
Monthly HVAC Energy Consumption Summary 
Conventional GHP Energy Consumption BTES HVAC Energy Consumption 
Month- | Electrical Gas Total Month- Electrical Gas Total 
Year (kWh) | (Therms) | (kBTU) Year (kWh) (Therms) | (kBTU) 
Aug 198,530 0.00 677,384 Aug-2015 200,053 0.00 682,579 
Sep 179,260 0.00 611,635 Sep-2015 163,092 0.00 556,472 
Oct 163,140 0.00 556,634 Oct-2015 135,746 0.00 463,164 
Nov 141,834 0.00 483,938 Nov-2015 136,036 0.00 464,153 
Dec 164,262 0.00 560,462 Dec-2015 131,037 0.00 447,098 
Jan 149,489 0.00 510,056 Jan-2016 128,920 0.00 439,875 
Feb 138,207 0.00 471,562 Feb-2016 117,327 0.00 400,318 
Mar 152,889 0.00 521,657 Mar-2016 121,041 0.00 412,993 
Apr 140,782 0.00 480,348 Apr-2016 115,022 0.00 392,455 
May 166,729 0.00 568,879 May-2016 126,186 0.00 430,546 
June 189,159 0.00 645,411 Jun-2016 154,984 0.00 528,806 
July 206,396 0.00 704,223 Jul-2016 161,064 0.00 549,550 
Total: 1,990,677 0.00 6,792,190 Total: 1,690,506 0.00 5,768,008 
Table 6.7. Conventional GHP vs. BTES HVAC Energy Consumption Summary 
MCLB - Albany, GA — B3700 
Conventional GHP vs. BTES HVAC Energy Consumption Summary 
08/01 to 07/31 08/01/2015 thru 07/31/2016 
Conventional GHP BTES 
Electrical Consumption (kWh) 1,990,677 Electrical Consumption (kWh) 1,690,506 
Gas Usage (Therms) 0.00 Gas Usage (Therms) 0.00 
Total Consumption (kBTU) 6,792,190 Total Consumption (kBTU) 5,768,008 
Building Area (sq. ft.) 168,138 Building Area (sq. ft.) 168,138 
HVAC kBTU/sq. ft. 40.40 HVAC kBTU/sq. ft. 34.30 
Energy Consumption Savings (kBtu) | 1,024,182 
Energy Consumption Savings (%) 15.1% 


For the ATES system, an eQuest energy model of the Baseline system was also 
completed for calculating heating/cooling loads. The energy model created for the 
existing HVAC system was modified to a conventional closed-loop GHP system 
consisting of WSHPs with no dry cooler or cooling tower. 
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The existing system had less-than-ideal aspects, which had to be accounted for 
appropriately. The existing HVAC system operated similar to a 2-pipe system. The 
Department of Public Works (DPW) would perform a manual seasonal changeover on the 
Chilled Water and Heating Hot Water systems. While this does lead to a decrease in 
energy consumption, there are time periods where there may be a demand for heating or 
cooling but the applicable system would not be available for operation. This type of 
operation is not typical of aGHP WSHP system. To account for this type of operation in 
the GHP model, the energy model created for the first performance objective was 
modified to operate with both Chilled Water and Heating Hot Water available for the 
entire year, which was then used to create a conventional GHP energy model. Prior to 
the modification of the original energy model created for the existing system, the energy 
model’s energy consumption and loads were compared to the existing HVAC system’s 
recorded information prior to the demonstration installation. The existing systems 
modified energy model was then calibrated, as best as possible, based on the information 
gathered during this time period. This energy model was then used and modified to a 
conventional closed-loop GHP system. 


The GHP energy model’s energy consumption was then compared against the estimate 
energy consumption of the ATES system. Tables 6.8, 6.9, 6.10 and 6.11 illustrate the 
HVAC energy consumption comparison between existing system HVAC recorded, 
modified existing HVAC modeled, GHP modeled and estimated ATES energy 
consumption. 


Table 6.8. Existing vs. Modeled Existing HVAC Monthly Energy Consumption 


Fort Benning — B3215 — Existing vs. Modeled Existing Monthly HVAC Energy Consumption Summary 


Existing System’s HVAC Energy Consumption Modeled sgn ere es Bnerey, 
Month- Electrical Gas Total Month- Electrical Gas Total 
Year (KWh) | (Therms) | (kKBTU) Year (KWh) | (Therms) | (kBTU) 
Aug-2013 12,252 0.00 41,804 Aug 17,467 0.00 59,597 
Sep-2013 12,941 0.00 44,155 Sep 15,524 0.00 52,968 
Oct-2013 15,130 0.00 51,624 Oct 11,378 1 38,922 
Novy-2013 8,836 124 42,548 Nov 6,228 176 38,850 
Dec-2013 7,262 407 65,478 Dec 6,461 292 51,245 
Jan-2014 6,277 518 73,217 Jan 6,489 414 63,540 
Feb-2014 6,257 305 51,850 Feb 5,853 306 50,570 
Mar-2014 6,790 41 27,267 Mar 6,428 155 37,432 
Apr-2014 7,056 18 25,875 Apr 6,208 73 28,482 
May-2014 17,040 0.00 58,140 May 13,317 0.00 45,438 
Jun-2014 13,540 0.00 46,200 June 15,484 0.00 52,831 
Jul-2014 14,011 0.00 47,806 July 17,543 0.00 59,857 
re ee ee eee) ee eee ee eee 
Total: 127,392 1,413 575,964 Total: 128,380 1,417 579,733 
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Table 6.9. Modified Modeled Existing HVAC Monthly Energy Consumption 


Fort Benning — B3215 — Modified Modeled Existing HVAC 
Energy Consumption Summary 
Modified Baseline HVAC Energy Consumption 
Month-Year | Electrical (KWh) | Gas (Therms) | Total (kBTU) 
Aug 17,576 0.0 59,969 
Sep 15,631 0.0 53,333 
Oct 11,518 67 45,999 
Nov 8,731 194 49,190 
Dec 7,766 302 56,698 
Jan 7,055 421 66,172 
Feb 6,607 315 54,043 
Mar 9,119 174 48,514 
Apr 11,136 63 44,296 
May 13,381 17 47,356 
Jun 15,596 0.0 53,214 
Jul 17,659 0.0 60,253 
BI ee ee 
Total: 141,775 1,553 639,036 


Table 6.10. Conventional GHP HVAC Monthly Energy Consumption 


Fort Benning — B3215 —Conventional GHP HVAC Monthly 
Energy Consumption Summary 
Baseline HVAC Energy Consumption 
Month-Year | Electrical (KWh) | Gas (Therms) | Total (kBTU) 
Aug 12,272 0.00 41,872 
Sep 10,741 0.00 36,648 
Oct 7,041 0.00 24,024 
Nov 4,999 0.00 17,057 
Dec 4,780 0.00 16,309 
Jan 5,424 0.00 18,507 
Feb 4,391 0.00 14,982 
Mar 5,087 0.00 17,357 
Apr 6,626 0.00 22,608 
| Ma | 8414 | 000 | ~~ 28709 
Jun 10,494 0.00 35,806 
Jul 12,395 0.00 42,292 
a ree ed eel 
Total: 92,664 0.00 316,170 
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Table 6.11. Conventional GHP vs. BTES HVAC Energy Consumption Summary 


Fort Benning — B3215 
Conventional GHP vs. ATES HVAC Energy Consumption Summary 
08/01 to 07/31 08/01 thru 07/31 

Conventional GHP ATES 
Electrical Consumption (kWh) 92,664 Electrical Consumption (kWh) 79,834 
Gas Usage (Therms) 0.00 Gas Usage (Therms) 0.00 
Total Consumption (kBTU) 316,170 Total Consumption (kBTU) 272,394 
Building Area (sq. ft.) 9,638 Building Area (sq. ft.) 9,638 
HVAC kBTU/sa. ft. 32.8 HVAC kBTU/sq. ft. 28.3 
Energy Consumption Savings (kBtu) 43,776 
Energy Consumption Savings (%) 13.8% 


3. Performance Objective: Reduction in water consumption 

This quantitative performance objective evaluates the water consumption of a GHP- 
USTES system compared to a conventional cooling tower. As described in Section 
5.5, dry cooler water consumption for the BTES system was monitored and recorded. 
This information is used to determine the water consumption reduction of the BTES 
system. For the ATES system, the dry cooler is equipped with the adiabatic 
evaporative supply piping system but is not equipped with the evaporative pads 
required for adiabatic operation. The installed dry cooler will only operate in “dry” 
mode but will be capable of future “wet” mode operation with the addition of the 
adiabatic pads, a water supply connection and a drainage system. 


During the baseline data-logging period at MCLB-B3700, an existing water meter 
was used to periodically record water consumption of the cooling tower. This 
information is used to compare the water consumption of the baseline system to the 
BTES system. Table 6.12 illustrates the water consumption between the two systems. 


Table 6.12. _MCLB-B3700-Baseline vs BTES Evaporative Water Consumption 


MCLB — B3700 — Evaporative Water Consumption Comparison 
Baseline vs BTES Water Consumption 
Baseline BTES 
Month-Year | Water Usage (Gallons) | Month-Year | Water Usage (Gallons) 
Sept-2013 Start Aug-2015 Start 
Oct-2013 186,400 
Jan-2014 440,100 
Feb-2014 237,800 Thru 
Jun-2014 1,121,800 
Jul-2014 254,500 
Sept-2014 450,800 Jul-2016 0.00 
Total: 2,691,400 100% Reduction 
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Based on the water meter recordings, the BTES system achieved a 100% reduction in 
evaporative water use and succeed in satisfying this performance objective. 


Since the existing HVAC system at Benning-B3215 depends upon a central plant 
chilled water system to provide 44°F chilled water, there was no direct method of 
recording water consumption at the central plant location for the purposes of 
determining the water consumption dedicated to B3215’s operation. As an alternate, 
an annual cumulative chilled water load was calculated via chilled water GPM and 
supply/return temperature differentials. An annual evaporative consumption was then 
calculated using the annual cumulative chilled water load the generally accepted rules 
of thumbs of 15,000 btu/hr (condenser load with compressor heat) and 1,050 Btu/Ib. 
This information is used to compare the calculated water consumption of the baseline 
system to the ATES system. Table 6.13 illustrates the estimated water consumption 
of the Baseline system. Table 6.14 illustrates the comparison between the estimated 
water consumptions between the Baseline system and the ATES system. 


Table 6.13. Benning-B3215-Estimated Baseline Evaporative Water Consumption 


Benning — B3215 — Estimated Evaporative Water Consumption 
Baseline Water Consumption 
Month-Year ae 
Aug-2013 
Thru 72,418 
Jul-2014 
_ SSS SSS ee ee ee 
Building Load to Central Plant (MBTUs) 1,086 
Evaporative Water Consumption (lb/yr.) 1,034,543 
Evaporative Water Consumption (gal/yr.) 124,195 
Cycles of Concentration 4.0 
Estimated Blowdown (gal/yr.) 41,398 
Estimated Make-up due to Evaporative Cooling (gal/yr.) 165,593 


Table 6.14. Benning-B3215-Baseline vs. ATES Evaporative Water Consumption 


Benning — B3215 — Estimated Baseline vs. Estimated ATES Evaporative Water Consumption 
Baseline vs. ATES Water Consumption 
Baseline ATES 
Month-Year Water Usage (Gallons) Month-Year Water Usage (Gallons) 
Aug-2013 Aug 
Thru 165,593 Thru 0.00 
Jul-2014 Jul 
Total: 165,593 100% Reduction 
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Based on the comparisons between the estimated water consumption of each system, 
the ATES system will achieve a 100% reduction in evaporative water use. 


Performance Objective: Reduction in direct on-site Greenhouse Gas Emissions 
for HVAC Space Heating 

This quantitative performance objective evaluates the Greenhouse Gas Emission 
(GHG) associated with Space Heating of each GHP-USTES system compared to the 
existing HVAC system. 


Natural gas consumption data from the first performance objective is utilized for 
calculating the results of this performance objective. The estimated gas consumption 
from each demonstration site is used in conjunction with GHG conversions 
referenced from EPA’s website (https://www.epa.gov/energy/ghg-equivalencies- 
calculator-calculations-and-references). Table 6.15 and 6.16 illustrates the results of 
this performance objective. 


Table 6.15. . MCLB-B3700-Baseline vs. BTES GHG Comparison 


MCLB — B3700 — Greenhouse Gas (GHG) Emission Comparison 


Baseline vs. BTES GHG Emission 
Baseline BTES 
Annual HHW Gas Consumption (therms) 39,443 0.00 


GHG Equivalency 
(0.005302 metric tons CO2 per therm) ud one 


100% Reduction 


Table 6.16. Benning-B3215-Baseline vs. ATES GHG Comparison 


Benning — B3215 — Greenhouse Gas (GHG) Emission Comparison 
Baseline vs. ATES GHG Emission 
Baseline ATES 
Annual HHW Gas Consumption (therms) 1,413 0.00 
GHG Equivalency 715 0.00 
(0.005302 metric tons CO2 per therm) 
100% Reduction 


Each demonstration achieved the ability to reduce on-site GHG emissions by 100%. 
This is mostly attributed to the fact that on-site gas fueled equipment was replaced 
with electrical equipment capable of satisfying heating demand more efficiently. 


Performance Objective: Reduction in BTES Construction Cost vs. Conventional 
GHP HVAC 


This quantitative performance objective evaluates the construction cost of the BTES GHX 
compared to a conventional GHP HVAC GHX. Competitive bids were received for the 
BTES system from construction documents designed under this demonstration project. 
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The construction costs associated with the BTES GHX will be compared against 
conventional GHP GHX pricing information obtained from past recent projects 
completed by AH&P on other military installations. This performance objective does 


not apply to the ATES demonstration project. 


Table 6.17. MCLB-B3700-BTES GHX Construction Cost 


MCLB — B3700 — BTES GHX Construction Cost Summary 
BTES GHX Construction Costs (before GC mark-up) 
Cost ($) 
Site Preparation/Demolition/Utility Modifications $24,630 
Grading $212,570 
Base & Asphalt Paving $44,775 
Storm Drainage Connection $6,750 
Erosion Control $14,785 
Dry Cooler Fencing $6,449 
Construction Temporary Fencing $15,500 
Above Ground Concrete $4,028 
Geothermal Drilling, Materials and Testing $1,332,514 
Dry Coolers $300,000 
a a ree ee el 
Total Cost Associated with ONLY BTES GHX $1,962,001 


A cost for most conventional geothermal systems can be estimated based on the linear 
footage of borehole length installed and the area where the project is to be installed. 
For Georgia, most conventional geothermal systems average at approximately $16 
per linear foot of borehole. The estimated cost generally accounts for the material 
and labor associated with the vertical boreholes and the horizontal piping installation 
into the building. The BTES GHX has 64,260 linear foot of borehole (306 boreholes 
x 210-foot depth per borehole). The cost of the geothermal drilling/materials/testing 
illustrated in Table 6.17 can be calculated at $18.79 per linear foot. This cost is slightly 
higher than the average cost due to grouting issues and a change order associated with 
those issues. Prior to the change order, the cost per linear foot was $15.56. 


In the energy model created for second performance objective, an equivalent 
conventional GHX was utilized based on a maximum supply water (inlet water to 
HVAC equipment) parameter of 100°F, which is typical of most conventional GHX 
designs. For the conventional GHX energy model, 140,760 linear footage of 
borehole was required. Table 6.18 illustrates an estimated construction cost for a 
conventional GHP GHX. 
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Table 6.18. MCLB-B3700-Conventional GHP GHX Construction Cost 


| _MCLB - B3700 — Conventional GHP GHX Construction Cost Summary _| 
Conventional GHP GHX Construction Costs (before GC mark-up) 
Cost ($) 
Site Preparation/Demolition/Utility Modifications $24,630 
Grading $212,570 
Base & Asphalt Paving $44,775 
Erosion Control $14,785 
Construction Temporary Fencing $15,500 
Geothermal Drilling, Materials and Testing $2,645,031 
Total Cost Associated with BTES GHX $2,957,291 


For a conventional GHP GHX, costs associated with a dry cooler(s) do not apply. A 
conventional GHX GHX for this site does require approximately the same cost 
associated with grading as the excavation/compaction effort of trenching would be 
approximately the same given the bore field size. A conventional GHP GHX at this 
site would also still require site preparation, paving, temporary fencing and erosion 
control, which is reflected in Table 6.18. 


Based on the costs illustrated in both Tables 6.17 and 6.18, the construction cost 
reduction associated with a BTES GHX is 33.6%, which exceeds the performance 
objective requirement. 


6. Performance Objective: Reduction in Greenhouse Gas Emissions at Source 
(Power Plant) vs. Conventional air-to-air heat pump HVAC 


This quantitative performance objective evaluates the Source Site Greenhouse Gas 
Emission (GHG) of the GHP-USTES systems compared to conventional air-to-air 
heat pump systems. Performance conditions were monitored and recorded for each 
demonstration project and converted from source GHG emissions to site GHG 
emissions (Carbon Dioxide-CO2, Methane-CH4 and Nitrous Oxide-H2O) based on 
information obtained from Energy Star’s website 
(https://portfoliomanager.energystar.gov/pdf/reference/Source%20Energy.pdf) and 
EPA’s eGRID2014 GHG Annual Output Emission Rate document 
(https://www.epa.gove/energy/egrid). 


Since the existing HVAC system at each demonstration site were not conventional 
GHP systems, an hour-by-hour energy simulation of both buildings was utilized to 
establish a baseline energy consumption of an air-to-air heat pump system. The 
energy consumption from each simulation is compared against the energy 
consumption calculated in the first performance objective for each demonstration 
system. The simulated site electrical energy consumption will be converted to source 
GHG emissions (lbs. of CO2, CH4 and H20). 


91 


For each system, the eQuest (www.doe2.com) energy model created for a conventional 
GHP system required by the second performance objective was modified to an air-to- 
air heat pump system. 


Table 6.19 and 6.20 illustrates the energy consumption from each air-to-air heat pump 
energy model. 


Table 6.19. MCLB-B3700-Air-to-Air Heat Pump HVAC Monthly Energy Consumption 


MCLB — B3700 —Air-to-Air Heat Pump HVAC Monthly Energy 
Consumption Summary 
Baseline HVAC Energy Consumption 
Month-Year Electrical (K Wh) Gas (Therms) Total (kKBTU) 

Aug 257,290 0.00 877,873 
Sep 227,786 0.00 777,206 
Oct 199,264 0.00 679,889 
Nov 167,008 0.00 569,831 
Dec 207,854 0.00 709,198 
Jan 189,558 0.00 646,772 
Feb 172,235 0.00 587,666 
Mar 187,259 0.00 638,928 
Apr 167,451 0.00 571,343 
May 204,018 0.00 696,109 
Jun 247,170 0.00 843,344 

Jul 277,353 0.00 946,328 

Total: 2,504,246 0.00 8,544,487 


Table 6.20. Benning-B3215-Air-to-Air Heat Pump HVAC Monthly Energy Consumption 


Fort Benning — B3215 —Air-to-Air Heat Pump HVAC Monthly Energy 
Consumption Summary 
Baseline HVAC Energy Consumption 
Month-Year Electrical (AWh) Gas (Therms) Total (kBTU) 

Aug 14,908 0.00 50,866 
Sep 12,433 0.00 42,421 
Oct 7,598 0.00 25,924 
Nov 5,626 0.00 19,196 
Dec 6,062 0.00 20,684 
Jan 7,671 0.00 26,173 
Feb 5,828 0.00 19,885 
Mar 5,611 0.00 19,145 
Apr 7,356 0.00 25,099 
May 9,583 0.00 32,697 
Jun 12,468 0.00 42,541 
Jul 15,245 0.00 52,016 
Total: 110,389 0.00 376,647 
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The information from Tables 6.19 and 6.20 were then used in Tables 6.21 and 6.22 to illustrate 


the site-to-source electrical consumption and the associated GHG emission comparison with 
each site. 


Table 6.21. _MCLB-B3700-Baseline vs. BTES Source GHG Comparison 
MCLB - B700 — Source GHG Emission Comparison 
Baseline vs. BTES Source GHG Emission 
Baseline BTES 
Annual HVAC Site Electrical Consumption (kWh) 2,504,246 1,690,506 
Electrical Site-to-Source Ratio (Energy Star) 3.14 
Annual HVAC Source Electrical Consumption (kWh) 7,863,332 5,308,189 
eGRID SRSO sub-region CO? Emission Rate (Ib/MWh) 1,144.5 
eGRID SRSO sub-region CH, Emission Rate (Ib/GWh) 105.4 
eGRID SRSO sub-region N2O Emission Rate (Ib/GWh) 15.6 
Source GHG Equivalent: CO (Ibs) 8,999,584 6,075,222 
Source GHG Equivalent: CH, (Ibs) 828.8 559.5 
Source GHG Equivalent: N2O (Ibs) 122.7 82.8 
SSE SSS ee eee eee 
32.5% Reduction 
Table 6.22. Benning-B3215-Baseline vs. ATES Source GHG Comparison 
Benning — B3215 — Source GHG Emission Comparison 
Baseline vs. ATES Source GHG Emission 
Baseline ATES 
Annual HVAC Site Electrical Consumption (kWh) 110,389 81,126 
Electrical Site-to-Source Ratio (Energy Star) 3.14 
Annual HVAC Source Electrical Consumption (kWh) 346,621 254,736 
eGRID SRSO sub-region CO2 Emission Rate (Ib/MWh) 1,144.5 
eGRID SRSO sub-region CH4 Emission Rate (Ib/GWh) 105.4 
eGRID SRSO sub-region N20 Emission Rate (Ib/GWh) 15.6 
Source GHG Equivalent: COs (Ibs) 396,708 291,544 
Source GHG Equivalent: CH, (lbs) 36.5 26.8 
Source GHG Equivalent: N2O (Ibs) 5.4 4.0 
a ee 
26.5% Reduction 


From this analysis, each demonstration project did not achieve the performance 
objective of 40% reduction. 
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7. Performance Objective: Eliminate maintenance of HVAC water treatment 
system 


This qualitative performance objective evaluates the benefit of eliminating maintenance 
of the current HVAC water treatment system associated with the cooling tower open 
loop system. 


A brief survey was sent to maintenance personnel at MCLB observe what the benefits 
were to the maintenance department, such as time savings spent maintaining, 
repairing and monitoring the water treatment system. Maintenance costs were 
discussed to understand the cost savings of eliminating the water treatment system. 
This can be completed since B3700 at MCLB has a dedicated cooling tower for its 
operation with its own water treatment system. At this time, survey results from the 
maintenance department have not be received. 


At Fort Benning, the current water treatment system serves the central plant system. 
The elimination of one building off that system will not make a significant impact or 
improvement on maintenance. However, Fort Benning is in the process of 
eliminating the central plant by taking buildings off the central plant during 
renovation projects. The installation of this demonstration project helps in that 
regards as it is one less facility to remove from the central plant chilled water system. 
However, a brief survey was sent to the maintenance personnel to understand what 
they believe will the benefits of eliminating the water treatment system in the future, 
such as time savings spent maintaining, repairing and monitoring the water treatment 
system. 


8. Performance Objective: Energy Security 


The other qualitative performance objective is to evaluate the energy security benefit 
of a GHP-USTES system. Energy security and the ability to reduce energy 
consumption by utilizing an on-site renewable energy resource (seasonal energy) are 
very important to the DoD infrastructure. 


A brief survey was sent to MCLB personnel interested in reducing energy 
consumption to observe what the benefit of the BTES system are to energy security. 
At this time, survey results from the maintenance department have not be received. 


Although the final construction of the ATES system is beginning at the time of 
submitting this report, a brief survey will also be sent to Fort Benning personnel 
interested in reducing energy consumption to observe what the benefit of the ATES 
system are to energy security 
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7.0 COST ASSESSMENT 


For both demonstration projects, a Life Cycle Cost Analysis (LCCA) was completed. Costs of 
various critical components were either tracked or obtained from contractors so the analysis 
could be applied to other military installations. Since each demonstration site involved 
construction funding from the military installation, all costs that could not be tracked directly 
were obtained from installing contractors. 


The critical components relevant to the GHP-USTES technology tracked during the 
implementation of the demonstration project are listed in Table 7.1. Once all associated costs are 
known, an LCCA will be completed by the use of the NIST Building LCCA program and NIST 
Handbook 135, which are both available on the DOE website: 


http://www 1.eere.energy.gov/femp/information/download_blcc.html#handbook 


7.1. COST MODEL 


Table 7.1. Cost Model for a GHP-USTES System 


System Cost Element Data Tracked During the Estimated Costs 
Demonstration 
Geothermal Heat Exchanger | ° oe A foot of Total $1,207,514 
ee meee ain moe | Installation Cost: $ per foot of $/ft. Total $18.79 
ystem : 
Vertical Borehole 
e Capital Cost: $ per foot of Total $53,742 
Vertical Well 
EES Cold ec Name Well g: Aastallationcove Oper inoner $/ft Total $33.59 
Vertical Borehole 
aa e Capital Cost: $ per foot of Total $25,980 
Horizontal Piping for ATES Vertical Well 
Wells e Installation Cost: $ per foot of $/ft Total $16.24 
Vertical Borehole 
: BTES Total $306,449 
Bip Dry Coolers : Sorte ed nites Sper Diy Croler eis 
ATES Leese ae we ; ATES Total $16,173 
‘ $ per Dry Cooler $16,173 
e Capital Cost: $ per Modular Total $325,000 
BTES Heat Recovery Modular Chiller . 
Chillers e —Install/Shipping Costs: $ per Chiller $65,000 
e Maintenance Cost: 
e Capital Cost: $ per WSHP Total $25,900 
ATES WSHPs e Install/Shipping Costs: $ per WSHP $3,700 
e Maintenance Cost: 
e = Capital Cost: BTES Total $53,000 
BYES & Pumps & Injection Valves |e — Install/Shipping Costs: 
ATES : , ATES Total $31,661 
e Maintenance Cost: 
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Table 7.1. Cost Model for a GHP-USTES System (Continued) 


System Cost Element Data Tracked During the Estimated Costs 
Demonstration 
Pumping Accessories (Air BTES Total pieludes 
BTES & ee in expansion tanks, | ° Capital Cost: in Pumps 
pu suction diffusers, etc.) Inptall/Shipping Casts ATES Total inoue? 
in Pumps 
i ; BTES Total 1 
BTES & Controls and Control ; : aa ee a 2 
ATES Components Sieceen ene ATES Total $86,400 
e Maintenance Cost: 
: : BTES Total 10,000 
ree - Maintenance e Maintenance Cost/Yr.: ATES 1s ai 
BTES & Traini é Caer BTES Total $5,000 
ATES oe sila aes chae ATES Total $5,000 
BTES HVAC Total kWh 1,690,506 
BTES & BTES HVAC Estimated $ $160,598 
Operational e §=©Utility Bills: ATES Estimated HVAC 
ATES kWh 79,834 
ATES Estimated HVAC $ $4,950 
wed yd BTES Cx Total $74,000 
Bean Commissioning & TAB ea e ree BTES TAB Total $56,700 
pete ATES Total $30,000 


The LCCA and Cost Model information will be used to help estimate the costs associated with 
implementation and installation of aGHP-USTES system at other military installation locations. 


7.1.1 Cost Elements Description: 


For the BTES demonstration project, each life-cycle cost element was obtained as best as 
possible to acquire the information necessary to perform a LCCA. All applicable HVAC 
equipment was monitored for energy consumption, while the BTES GHX was monitored for 
performance as well. All recorded information was used in conjunction with the costing 
information to determine the life-cycle costs for the BTES technology. A typical timeframe of 
20 years was used for the LCCA. 


1. Cost Element: Geothermal Heat Exchanger Vertical Borehole (GHX) System 


A BTES system utilizes closed-loop vertical boreholes as the device for storing 
seasonal or even diurnal thermal energy, which can be used to operate an HVAC 
system more energy efficiently throughout the year. 


The cost listed in Table 7.1 represents the actual pricing of the BTES GHX. Since the 
BTES GHX was bid upon by multiple contractors, it is a representation of a “market 
value” for the BTES GHX. The pricing of the BTES GHX can be scaled, within 
reason, for other sites and HVAC systems. However, this BTES GHX would be 
considered a large-scale GHX and therefore, economies-of-scale would need to 
accounted for and applied appropriately. 
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2. Cost Element: ATES Cold & Warm Wells 


An ATES system utilizes cold and warm open-loop wells as the device for storing 
seasonal thermal energy, which can be used to operate an HVAC system more energy 
efficiently throughout the year. The ATES design is used for storing cooling or 
heating energy, depending on the building’s HVAC loads. For this demonstration, 
the ATES system was designed primarily for storing cooling energy due to the 
HVAC loads of the building being cooling dominated. 


The cost listed in Table 7.1 represents the actual pricing of the ATES GHX, including 
drilling, screen, casing, gravel pack, grout and well development. The pricing 
associated with the ATES wells were obtained by the driller, vendors and suppliers, 
which is representative of market pricing. The pricing of the ATES wells can be scaled, 
within reason, for other sites and HVAC systems, but must be completed appropriately. 
ATES wells can be scaled along a curve less steep than a closed-loop geothermal system 
but have a higher starting price point. For example, upfront costs, such as site 
investigation/testing, are higher costs associated with ATES wells, which are costlier 
than closed-loop geothermal systems. Closed-loop geothermal systems, with enough 
land real estate, can be designed to incorporate whatever results come from the on-site 
testing phase. With ATES wells, on-site testing and analysis may lead to an outcome of 
an ATES system not being feasible. Therefore, sufficient analysis must be done prior to 
on-site testing to preliminarily determine the feasibility of an ATES system. However, 
if an ATES system is feasible, the installation cost of ATES wells, when analyzed from 
a $/ton basis, will likely be less expensive than a closed-loop system as increase in 
tonnage may not lead to the installation of additional ATES wells. 


3. Cost Element: Dry Coolers 


ATES & BTES systems utilize dry coolers as the device for harvesting the cooling 
energy that is stored by the ATES and BTES bore fields. 


The cost listed in Table 7.1 represents the actual pricing of the dry coolers. Since the dry 
coolers were bid upon by multiple contractors, it is a representation of a “market value” 
for the dry coolers. The pricing of the dry coolers can be scaled, within reason, for other 
sites and HVAC systems. However, the dry coolers are considered large-scale GHX and 
therefore, economies-of-scale would need to accounted for and applied appropriately. 


4. Cost Element: Heat Recovery Modular Chillers 


The BTES system utilizes heat recovery modular chillers to produce the chilled, and 
hot water for the building. The hot water is created using the waste heat from the 
chilled water loop and the heat of compression. Additional waste heat from the 
chilled water is delivered to the source water and sent to the dry cooler and BTES. 


The cost listed in Table 7.1 represents the total pricing of the five heat recovery modules. 
Since the heat recovery modular chillers were bid upon by multiple contractors, it is a 
representation of a “market value” for the chillers. The pricing of the chillers can be 
scaled on a $/ton basis, within reason, for other sites and HVAC systems. Since the 
chillers are modular and can be stacked together the scale should be fairly linear. 
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5. Cost Element: WSHPs 


The ATES system utilizes WSHP’s connected to the GHX to heat and cool the 
building. The WSHP’s either extract heat from the ATES loop for heating, or reject 
heat to the ATES loop for cooling, depending on the building’s HVAC loads. For this 
demonstration, the WSHP’s connected to the ATES system was designed primarily 
for cooling due to the HVAC loads of the building being cooling dominated. 


The cost listed in Table 7.1 represents the actual pricing of the WSHP’s. Since the 
WSHP’s were bid upon by multiple contractors, it is a representation of a “market 
value” for the ATES GHX. The pricing of the WSHP’s can be scaled relatively 
easily for other sites and HVAC systems since WSHP’s can be purchased as a stock 
item from a distributor. 


6. Cost Element: Pumps and Variable Frequency Drives 


Both the ATES and the BTES system utilize pumps in the architecture to recirculate 
water through the ATES and BTES water loops. To increase energy efficiency and to 
match the load, VFD’s were utilized for all pumps. 


The cost listed in Table 7.1 represents the actual pricing of the system pumps and 
drives including shipping and installation costs. Pumping accessories are not included 
in this cost element. The pumps were bid upon by multiple contractors, and therefore 
is a representation of a “market value” for the pumps. The pricing of the pumps can 
be scaled, within reason, for other sites and HVAC systems. The scaling for the 
pumps should be fairly linear. 


7. Cost Element: Hydronic Accessories 


The pumps for the ATES and BTES systems as described above require hydronic 
accessories to support the pump’s functions. These accessories include air separators, 
expansion tanks, suction diffusers, etc. These components allow for proper hydraulic 
flow in the systems and optimizes efficiency. 


The cost listed in Table 7.1 represents the actual pricing of the pumping accessories, 
including shipping and installation costs. The pricing associated with the accessories 
were obtained by bids from multiple contractors, and therefore is a representation of a 
“market value” for the accessories. The pricing of the hydronic accessories can be 
scaled similar to the scaling of the pump costs, within reason, for other sites and 
HVAC systems. 


8. Cost Element: Controls 


The ATES and BTES systems utilize Direct Digital HVAC Controls to optimize the 
systems’ performance and to increase energy savings. Properly programmed control 
algorithms are critical to ensuring that energy is not wasted. The controls operate all 
parts of the system from the thermostats, to air side equipment, water side equipment, 
dry coolers, injection valves, submersible pumps, charging and discharging logic, etc. 
The system controls can be one of the most expensive parts of a BTES and ATES 
system. 
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10. 


11. 


The cost listed in Table 7.1 represents the actual pricing of the controls. Since the 
BTES and ATES system controls were bid upon by multiple controls contractors, it is 
a representation of a “market value” for the ATES & BTES controls. Control pricing 
can usually be expressed in $/control point, and scaling is fairly linear for other 
projects within reason. 


Cost Element: Maintenance 


Maintenance of the ATES and BTES systems is imperative to maintain maximum 
efficiency throughout the years. Maintenance will include regular HVAC servicing 
such as filter changes and strainer cleaning, but will also include routine maintenance 
of specialized equipment such as the adiabatic/non adiabatic dry coolers, heat 
recovery modular chillers, injection valve controllers, and specialized direct digital 
controls. Overall maintenance costs for the ATES and BTES will be lower than the 
maintenance of a conventional HVAC system since there is very little maintenance 
associated with the bore fields/wells. Also, elimination of the cooling towers 
eliminates chemical treatment for open loop systems. 


The cost listed in Table 7.1 represents the estimated annual cost of the maintenance 
for each system. The maintenance cost for the BTES and ATES systems were 
determined by talking to base personnel to determine what the annual cost of the 
maintaining the baseline system was. Since only routine maintenance will be needed 
for the new systems and no water treatment will be needed for the cooling tower, 
maintenance for the existing system could be estimated. 


Cost Element: Training 


Since maintenance personnel in the US are generally not familiar with ATES and 
BTES systems, additional training will be required beyond the normal scope of 
training for conventional HVAC systems. Additional training costs are outweighed by 
additional energy savings of the BTES and ATES systems vs. conventional systems. 


The cost listed in Table 7.1 represents the actual pricing of the training for the BTES 
and ATES systems. Since the projects were bid upon by multiple contractors, it is a 
representation of a “market value” for the training. The pricing for training of the 
ATES and BTES systems can be expected to be relatively consistent and should not 
be scaled. A small ATES and BTES project will require close to the same amount of 
training that a large system will require. 


Cost Element: Operational 


The operational cost for BTES and ATES systems are much less than the operational 
cost for a conventional HVAC systems and conventional GHP systems. The 
difference in operational cost comes from the ability to deliver cooler water to the 
heat pumps and chillers. 


The cost listed in Table 7.1 represents the actual energy cost of the BTES system as 
monitored for a 12-month period. The energy cost of the ATES system is by computer 
simulation and is also for a 12-month period. The operational cost of the BTES & ATES 
can be scaled, to a degree, for other BTES & ATES systems. However, the geographical 
location and climate of the BTES and ATES plays a big factor in energy usage. 
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12. Cost Element: Commissioning and TAB 


Typical conventional HVAC systems benefit greatly from proper Commissioning and 
TAB. Even more so, a BTES and ATES system benefits from proper TAB of the 
systems to maximum performance. Without Commissioning and TAB, complex 
ATES and BTES systems will suffer greatly from poor control setup, poor tuning, 
and overall imbalance of loads through the building. A Continuous Commissioning 
program to keep the systems tuned up through the years is also recommended. The 
BTES and ATES systems both received rigorous TAB and commissioning by NEBB 
certified TAB and commissioning Firms. 


The cost listed in Table 7.1 represents the actual pricing of commissioning and TAB 
for the BTES and ATES systems. Since the projects were bid upon by multiple 
contractors, it is a representation of a “market value” for the commissioning and 
TAB. The pricing of the commissioning and TAB can be scaled, within reason, for 
other sites and HVAC systems. Prices can normally be converted to $/square foot of 
building area. 


7.3 COST DRIVERS 


As in any project where a reduction in energy consumption is a key point, energy rates must be 
considered when selecting any technology for future implementation. The locations for these 
two demonstration sites have some of the lowest electrical energy cost in the United States and 
were still able to achieve a favorable cost analysis. Other regions, where electrical energy costs 
are higher, will experience a greater annual electrical cost savings. This also applies to natural 
gas consumption and its associated energy cost. Water consumption is also a key factor that 
often gets overlooked in a cost analysis. Water consumption costs can help in most regions, 
especially those with high water usage costs, when water consumption can be substantially 
decreased, or even eliminated, as established at both sites for this demonstration. 


Another cost driver is installation costs associated with drilling wells or boreholes. Some 
regions of the United States have lower drilling costs than others. This is generally attributed to 
the law of supply and demand. Areas, such as Texas, have more drillers than Georgia due to the 
oil and gas industry. As the oil and gas industry ebbs and flows, there are an abundance of 
drillers available, which has an impact and helps decrease the cost of drilling. 


The underground geology and hydrogeology are also important cost drivers. For BTES, some 
sites will have better underground geology than others, which will lead to less boreholes and a 
decrease in capital investment costs. Hydrogeology is also important to BTES as high ground 
water movement impacts the ability to store thermal energy effectively. For ATES, 
hydrogeology is important as its operation is directly dependent upon the ability of the system to 
extract and inject groundwater. Geology is almost just as important as it is highly unlikely, for 
example, for a crystalline aquifer (i.e. rock) to achieve the ability for sufficient groundwater 
extraction or injection. Some site will have ideal conditions, which will lead to a decrease in 
capital investments cost. Sites who can achieve lower installation costs with ideal site 
conditions, along with lower energy/water costs, will benefit the most from the USTES 
technology. 
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7.1 COST ANALYSIS AND COMPARISON 
BTES: 


The cost analysis and comparison for the BTES demonstration was performed against a 
conventional HVAC system. In this particular case, the costs associated with the BTES system 
was compared against a replacement system for the mechanical room HVAC system similar to 
HVAC system in place before the demonstration project was installed. The BTES demonstration 
involved MILCON funding for the construction aspect of the ESTCP project. Contractor 
construction prices were obtained and utilized for the cost analysis and comparison. The cost 
analysis for the BTES demonstration assumes a construction project to replace the existing 
HVAC system was due occur in the near future. This is a reasonable assumption as the existing 
centrifugal chillers (Qty 1 — 200 ton; Qty 1 — 400 ton) and cooling tower were beyond their 
usable life. Up to the demonstration project installation, MCLB’s Public Work Department had 
to incur major maintenance costs to keep the chillers operational. The HVAC system interior to 
the building not inside the main mechanical room (i.e. central plant AHUs, piping, ERU, etc.) 
were not incorporated into the cost analysis. These items were existing prior to the 
demonstration and were not part of the demonstration project installation. This approach allows 
for a closer comparison for cost analysis purposes. 


Construction costs obtained from the BTES project were used and adjusted to represent the 
conventional HVAC replacement project cost. Items such as the BTES GHX, under-ground 
horizontal piping and above-ground piping were deducted from the BTES construction prices 
and applied to the construction cost of a conventional HVAC replacement with the assumption 
that two over-sized dry coolers, five modular chillers and corresponding related items would 
closely offset the cost of a new cooling tower, new chiller and new boiler. The investments costs 
associated with the BTES project and the alternate conventional HVAC system were input into 
the BLCC5 program _(https://energy.gov/eere/femp/building-life-cycle-cost-programs) 
accordingly with the energy consumption data illustrated in Section 6.0 for Performance 
Objective No. | used in the life-cycle cost analysis (LCCA) comparison. Energy rates for 
electricity ($0.095/kWh), natural gas ($0.65/therm) and water consumption ($0.00997/gal) were 
also obtained from MCLB personnel. The LCCA utilized a 20-year length of study period 
(October 1, 2016 through September 30, 2036) with a Constant Dollar Analysis and a Real 
Discount Rate of 3.0%. Performing a cost comparison analysis computes the following results: 


e Savings-to-Investment Ratio (SIR): 1.42 
e Adjusted Internal Rate of Return: 4.84% 
e Simply Payback: 11 years 

e Discounted Payback: 13 years 


The full comparative analysis report is included in Appendix K with the Table 7.2 below 
summarizing the inputs used: 
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Table 7.2. Conventional HVAC vs. BTES Cost Comparison Summary 


MCLB — B3700 — Cost Comparison Input Summary 
Input Conventional Demonstration 
HVAC Project | HVAC Project 
Initial Investment $3,196,912 $5,100,000 
Annual Electrical Consumption (kWh) 2,065,586 1,690,506 
Annual Natural Gas Consumption (therms) 39,443 0.0 
Annual Evaporative Water Consumption (gallons) 4,300,000 0.0 
Initial Annual Electrical Cost ($) $196,231 $160,598 
Initial Annual Natural Gas Cost ($) $25,638 $0 
Initial Annual Evaporative Water Cost ($) $42,871 $0 
General Maintenance Savings ($) $50,000 $0 
Chemical Treatment Savings ($) $15,000 $0 


ATES: 


The cost analysis and comparison for the ATES demonstration was performed against a 
conventional HVAC system. In this particular case, the costs associated with the ATES system 
was compared to a replacement system for the mechanical room HVAC system similar to HVAC 
system in place before the demonstration project was installed. The current system was a multi- 
zone AHU installed with chilled water and heating hot water coils, which utilized zone dampers 
to condition the seven thermal zones in the building. The chilled water is currently supplied by a 
central plant, which is scheduled to be off-line in the next few years. The heating hot water coil 
is supplied by a local boiler installed in the mechanical room. 


The ATES demonstration project was coupled with a maintenance project for the interior 
mechanical construction aspect. Contractor construction prices were obtained for the interior 
mechanical room work and utilized for the cost analysis and comparison. The cost analysis for 
the ATES demonstration assumes a construction project to replace the existing HVAC system 
was due occur in the near future. This is a reasonable assumption as the existing multi-zone 
AHU was over 20 years old. The cost analysis also assumes the boiler would be replaced and 
the existing interior piping would be replaced in support of the replacement system. 


Since the existing HVAC system was dependent upon the operation of a chilled water central 
plant, it is assumed a local air-cooled chiller would be installed for supplying the building’s 
chilled water system. This is also reasonable as other buildings of this demonstration project’s 
size utilized local air-cooled chillers when a renovation project took place to eliminate the need 
for the chilled water central plant. To complete the life-cycle cost analysis, the energy model 
created for the existing HVAC system in the second performance objective was utilized to 
calculate HVAC electrical and natural gas consumption. The original energy model was 
modified to reflect the use of a local air-cooled chiller in lieu of a chilled water central plant. 
The HVAC monthly energy consumption is illustrated in Table 7.3. 
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Table 7.3. Modeled Conventional HVAC Monthly Energy Consumption 


| Fort Benning — B3215 — Modeled Conventional HVAC Monthly Energy | 
Consumption Summary 
Baseline HVAC Energy Consumption 
Month-Year Electrical (K Wh) Gas (Therms) Total (kBTU) 
Aug 17,871 0 60,976 
Sep 15,671 0 53,469 
Oct 11,271 1 38,557 
Nov 6,228 176 38,850 
Dec 6,461 292 51,245 
Jan 6,489 414 63,540 
Feb 5,853 306 50,570 
Mar 6,428 155 37,432 
Apr 6,207 73 28,478 
May 13,365 0 45,601 
Jun 15,721 0 53,640 
Jul 18,133 0 61,870 
Total: 129,698 1,417 584,230 


Construction costs associated with the ATES wells and corresponding piping outside the 
mechanical room were obtained from quotes and invoices. To establish the cost of the interior 
mechanical room work coupled to the ATES wells, the Contractor’s bid price was used. To 
establish the conventional HVAC system cost, the Contractor(s) responsible for the maintenance 
project work estimated a construction cost if the new system would have been a comparable 
multi-zone AHU replacement system. The costs associated with both the ATES system and 
conventional HVAC system were utilized for the cost analysis. 


The investment costs associated with the ATES project and the alternate conventional HVAC 
system were input into the BLCC5 program (https://energy.gov/eere/femp/building-life-cycle- 
cost-programs) accordingly with the energy consumption data illustrated in Section 6.0 for 
Performance Objective No. 1 used in the life-cycle cost analysis (LCCA) comparison. Energy 
rates for electricity ($0.062/kWh) and natural gas ($0.51/therm) were also obtained from Fort 
Benning personnel. The LCCA utilized a 20-year length of study period (October 1, 2016 
through September 30, 2036) with a Constant Dollar Analysis and a Real Discount Rate of 3.0%. 
Performing a cost comparison analysis computes the following results: 


e Savings-to-Investment Ratio (SIR): 1.61 
e Adjusted Internal Rate of Return: 5.49% 
e Simply Payback occurs in year: 10 

e Discounted Payback occurs in year: 12 


The full comparative analysis report is included in Appendix K with the Table 7.4 below 
summarizing the inputs used: 
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Table 7.4. 


Conventional vs. ATES Cost Comparison Summary 


Benning — B3215 — Cost Comparison Input Summary 


Input Conventional Demonstration 
HVAC Project | HVAC Project 
Initial Investment ($) $608,375 $648,304 
Annual HVAC Electrical Consumption (kWh) 129,698 79,834 
Annual HVAC Natural Gas Consumption (therms) 1,417 0 
Annual Evaporative Water Consumption (gallons) 0 0 
Initial Annual HVAC Electrical Cost ($) $8,041 $4,950 
Initial Annual HVAC Natural Gas Cost ($) $723 $0 
Initial Annual HVAC Evaporative Water Cost ($) $0 $0 
General Maintenance Savings ($) $0 $0 
Chemical Treatment Savings ($) $0 $0 
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8.0 IMPLEMENTATION ISSUES 
8.1 OVERVIEW 


Despite the various architectures of Underground Seasonal Thermal Energy Storage (USTES) 
being rare in the United States, its implementation as part of this project, though time consuming, 
was relatively straight-forward. This was especially true for the BTES architecture. The ATES 
architecture did present several regulatory challenges and one procurement challenge as 
described herein. The aggressive use of outside funding on both projects tended to prolong the 
time needed to complete them, but had the significant benefit of expanding the scope by an order 
of magnitude on the BTES and significantly on the ATES. Specifically, the BTES project, 
which was originally slated to be on the order of 30-40 tons, expanded to 425 tons through a 
unique arrangement where the ESTCP engineering effort was applied to a conventional GHP 
Mil-Con project that was funded outside of ESTCP. It took over a year to clear legal and 
administrative hurdles to do this, but this effort was highly beneficial as the external source of 
almost $5M in construction money facilitated a demonstration at a scale that greatly increases the 
probability of technology transfer and gave end users the confidence to know that BTES truly 
can work at scale. The success at a 425-ton scale, gave MCLB the confidence to redesign three 
more conventional GHP systems as BTES systems. Though Ft. Benning’s site proved difficult 
for ATES (the international firm performing the hydro-geological consulting ultimately found its 
hydraulic conductivity to be only 10% of what their preliminary grain-size analysis led them to 
believe), Ft. Benning’s keen interest in potential energy savings of ATES, kept the project 
moving forward. Over the course of almost a year, Ft. Benning decided to make a substantial 
($450k) HVAC investment in the interior of the candidate building, to insure it could receive the 
ESTCP funded ATES system at the project site and operate at optimum efficiency. Though this 
challenge, and the regulatory/permitting challenges described herein, resulted in the ATES 
system’s energy savings having to be modeled in this final report, rather than measured as was 
done on the 10X larger BTES project, it is anticipated that metering of the new system will 
continue into 2018 so that measured performance can be compared to the baseline. 


8.2 REGULATORY/PERMITTING CHALLENGES: 


Though the challenges described herein are specifically related to the implementation of ATES 
(Ft. Benning) and BTES (MCLBA) in Georgia (GA), the issues encountered will be generally 
applicable for most ATES/BTES projects throughout the US. With both projects involving 
either boreholes (BTES) or water wells/injection wells (ATES) they fall under the jurisdiction of 
the GA Department of Natural Resources’ (DNR) Environmental Protection Division (EPD), 
hereinafter referred to as GAEPD. In the arena of so called Underground Injection Control 
(UIC), the GAEPD acts on behalf of the Federal Government’s Environmental Protection 
Agency (EPA). They have been given the authority to rule on groundwater injection 
though a legal mechanism called “Primacy”. For more details on Primacy, see 
https://www.epa.gov/uic/primary-enforcement-authority-underground-injection-control-program. 
Although ATES projects simply withdraw local groundwater, change it a few degrees and 
transfer it back to the aquifer from whence it came, legally this is considered a “Class V Injection 
Well” and therefore it falls under EPA’s jurisdiction and in this case, a UIC permit is required 
from GAEPD. In some states, this is not a complex affair. In GA it proved to be difficult. 
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8.2.1 BTES regulations/permitting: 


Overall, in the US, BTES system are not generally difficult to permit as they do not physically 
remove or inject groundwater and therefore no UIC permit is required. In essence, a BTES 
system is a close cousin to the traditional closed loop geothermal heat pump (CLGHP) systems 
that have been used in the US for decades. Basically, to the traditional CLGHP, reversing valves 
in the water loop, concentric thermal zones in the underground Ground Loop Heat Exchanger 
(GHX), a heat rejection device like a cooling tower/dry-cooler and more sophisticated controls 
are added. None of these items create any additional environmental concerns. In GA, the 
regulations are deceptively simple, the driller of the boreholes must be a licensed well driller in 
the state of GA and the boreholes must be fully grouted. Both are good practices, independent of 
the regulatory necessity. Generally, most states allow simple close loop boreholes to be installed 
in virtually every geological formation. Many regulations require the borehole to be grouted 
from top to bottom and some only require the upper (surface) region to be grouted (to prevent 
surface contamination) or if multiple aquifers are penetrated, grouting between aquifers is 
required to prevent inter-aquifer transfer of water. Overall, independent of regulatory 
requirements, the industry is moving quickly towards fully grouted boreholes for thermal and 
environmental reasons. A few State regulators have concerns about the industry standard 
grouting material (sodium bentonite grout with its extremely low hydraulic conductivity and 
ability to stay flexible when hydrated) in certain formations and therefore may require special 
grouting in some situations, like a high salt content aquifer. Overall, BTES projects can be 
permitted easily in most states and in some locations (like GA), no State permit is required. 
Closed loop boreholes do not require an injection permit under the UIC program as no liquid 
“injection” is occurring. With most DoD projects occurring on Federal land, the State may not 
be even involved, though some states may require a standard “well permit” for the closed loop 
boreholes. At the BTES project at MCLB, no Federal, State or Local permits were required for 
the 302 boreholes that were drilled. 


8.2.2. ATES Regulations/Permitting: 


As described previously, the fact that ATES systems inject water into the ground invoke the need 
for a Class V, UIC permit to inject the water. “Class V” is basically a group of widely 
diversified type wells that EPA groups together when they don’t fall into any other category. It 
includes everything from “Cesspools” (no longer used), drainage wells for storm water, recharge 
wells for aquifers, salt water intrusion barrier wells and more. To determine if the EPA itself or 
a State Authority issue the Class V UIC permit, see the hyperlink in paragraph 8.2 which is also 
included with the following figure. 
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Figure 8.1. | Map of States with/without Primacy to Issue Class V UIC permits 


per https://www.epa.gov/uic/primary-enforcement-authority-underground-injection-control-program as 


of January 2017. 


Perhaps more than any state in the US, this process was complicated in Georgia by the fact that 
traditional “open loop heat pump systems where return water is discharged into a well” are 
prohibited wells in GA whereas “non-contact groundwater cooling wells” are not. In essence, 
the former typically routes the groundwater through a refrigerant-to-water heat exchanger 
creating a slight risk of refrigerant getting in the groundwater) whereas the proposed ATES 
system utilizes potable water on the other side of the groundwater heat exchanger. According to 
regulations, it is permissible within Georgia for the “used” groundwater to be released to the 
surface, whereas elsewhere in the country, even within the same EPA Region (Region 
4/Southeast in this case), other regulatory authorities virtually insist it be returned to the aquifer 
if its only change is a slight (6-20F) variation in temperature and returning it to the aquifer 
results in no net withdrawal of water. ATES wells, unlike irrigation or drinking water wells, 
produce no net withdrawal of water from the aquifer and hence are exceptional environmentally 
friendly and sustainable. Procuring the UIC permit for this project took many years due to this 
quirk in the GA regulations, the retirement of the Environmental lead person originally procuring 
the UIC permit at Ft. Benning and other issues. For the ESTCP ATES project in GA, in the end, 
the GAEPD required: 


e A comprehensive subsurface investigation of the hydro-geology including geophysical 
logging and computer modeling of the aquifer to determine the amount of drawdown and 
“mounding” of the water table during ATES operation 
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e Water quality lab analysis of the groundwater for dozens of the potential contaminates 
listed in the Underground Source of Drinking Water (USDW) Standards (40 CFR 144.3) 
A comprehensive (65 page), UIC Permit Application, supervised and stamped by a 
licensed Professional Engineer (PE) or Professional Geologist (PG), that included all of 
the above, engineered drawings, schematics and maps. This is contrasted against a two- 
page permit application used in some states 


e After construction of the ATES wells are complete, a Mechanical Integrity Test (MIT) 
must be performed on the well casings and quarterly water quality testing of the injected 
groundwater performed for dozens of potential USDW contaminants. 


These complications for this Demonstration project do not mean procuring the UIC 
permit in other states will be as complicated or time intensive. This report is intended to 
guide potential users of this technology in all 50 states. As an illustration of the 
regulatory situation in other states, Florida (FL) serves as a good example. There are in 
excess of 5000 “air conditioning (injection) wells” (a cousin to an ATES wells) active in 
Florida. The statewide UIC program manager in FL, Joe Haberfield, PG, advises that 
permitting these wells typically only takes a few weeks and is in fact handled under the 
same “General Permit #0001” for all projects. When considering an ATES system for a 
specific Base, the UIC permit, while critical, is not necessarily a complicated or 
protracted exercise. The key take-away is to talk to the applicable state’s UIC 
Coordinator, discuss the project in depth, understand their position for what is required to 
obtain a UIC permit and determine where the decision authority resides. If it is not the 
UIC Coordinator, attempt to meet with the ultimate decision makers and understand their 
position. Sometimes, decision authority is as high-up as the head of the entire State’s 
EPA (equivalent) program, and sometimes, a “local” water management district’s 
manager can sign off. In certain states, UIC permits can be done under “permit by rule” 
protocols or via a “general permit”, and the process is relatively painless. 


8.3. END-USER CONCERNS/RESERVATIONS/DECISION MAKING FACTORS: 


In general, GHPs of any form (conventional, ATES or BTES) are fairly rare in the US market. 
Many experts put the market penetration of GHPs at around 1% of the US HVAC market, so 
there may be some hesitation to try something “new”. Generally, though, in the DoD realm, 
due to the emphasis for energy efficiency, energy security and renewables, there has been some 
exposure to some form of GHPs on most installations. Terminology is also an issue as GHPs 
go by many other names such as Ground Source Heating and Cooling, Geo-Exchange, etc., 
but, in the end, they all are about using the geology/groundwater to heat and cool buildings. 
Properly engineered and installed GHP systems will always outperform their air-cooled 
counterparts and, in all but the coldest climates/load profiles, GHPs eliminate the need for on- 
site fossil fuel consumption, so they are generally preferred by most end users. The only time 
concerns arise is when the end-user has experienced an improperly engineered and/or installed 
system and therefore they have inappropriately “written off’ the technology itself. This can 
normally be addressed by a proper educational presentations/discussions and references to 
other DoD personnel that have had good success with GHPs. Other concerns are GHPs 
higher first cost due to the HVAC project having to bear the cost of what is truly a nearly 
indefinite lasting, “inside the fence”, underground utility. Users that understand that aspect 
of the project, and are focused on LCC, are typically willing to embrace the technology. 
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ATES and BTES are simply higher performing conventional open-loop and closed-loop GEO 
and typically have lower capital cost and use less energy than conventional GHPs. Emphasis on 
the basics is key: the geology/groundwater is a superior heat source as it’s warmer than the air in 
winter, it is a superior heat sink as its colder than the air in summer and it offers you the ability to 
store a building’s waste heat and “waste cool”. 


8.3.1 ATES Concerns 


Overall, if the military base has management, engineering, geologist, managerial or 
administrative personnel are involved with traditional HVAC systems, they can fairly 
quickly gain an understanding of the fundamentals of an inject well type system. If they 
have water wells on base for irrigation or domestic water usage, they will generally have a 
basic understanding of a water supply well. Their past history (at work or even in their 
personal home) of maintaining submersible pumps will generally eliminate concerns about 
maintenance. Generally, with a properly designed well, these water-cooled devices are 
reasonably low maintenance and the remainder of the HVAC system is similar to the HVAC 
architecture they are already utilizing, and the elimination of a combustion boiler is a big 
plus. 


8.3.2. BTES Concerns: 


If a Base has had good experiences with conventional GHP systems, then the next step of 
utilizing a BTES is often a small one. Generally, most users can fairly quickly see the superiority 
of the BTES architecture over normal closed loop geothermal systems. 


8.4 PROCUREMENT ISSUES: 


The clear majority of the entire ATES and BTES systems are considered standard Commercial 
Off The Shelf (COTS) products. The major equipment and all the basic components have been 
available for decades. The heat recovery chillers at the BTES project are readily available from 
multiple US manufacturers as are the GHPs at the ATES projects. All pumps on both projects 
are standard products and at the BTES project, the AHUs and all the ductwork and piping 
outside the mechanical room were reused. The VAV boxes at the BTES site, due to the original 
design for 180F hot water only utilized 1 row HW coils, but it was a simple change-out to 
change them to COTS 4-row VAV boxes. The horizontal HDPE piping as well as when it is 
routed in a borehole as the GHX is a robust well established piping system utilized throughout 
the US for much more demanding applications like natural gas and to protect the nation’s fiber 
optic cables. Two equipment exceptions, while COTS internationally, are rare in the US and are 
highlighted below. 


8.4.1 Adiabatic Dry Cooler Issues: 


Generally speaking, the most economical form of heat rejection is the ubiquitous cooling tower 
with its attendant high consumption of water due to its design as an evaporative cooling device. 
On the other end of the water consumption spectrum is a less prevalent, but COTS dry-cooler 
consisting of outdoor coils and fans for sensible heat transfer only with no water consumption. 
Due to the Demonstration plan goal of a 80-100% water reduction for the ESTCP project, a rare 
(in the US) adiabatic dry-cooler (sometimes referred to as a hybrid dry-cooler) was chosen. 
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Though now that the demonstration period has ended and MCLB may start using the adiabatic 
function (evaporative cooling the incoming outside air to the dry-cooler coil), during the 
demonstration period it was always run in the dry mode (mostly at night and in the winter) 
resulting in a 100% reduction in 4+ million gallons of water the baseline building consumed. 
While common in Europe and elsewhere, these are rare in the US. Nevertheless, there are 
multiple manufactures of this product and the selected units were made in North America. They 
worked very well, resulting in the recommendation that they be used for future BTES or ATES 
systems due to their unique ability to provide a “water-energy” nexus slider bar of sorts where a 
Base can choose to trade KWH reduction or water reductions based on how often they operate 
the adiabatic mode. On future ATES or BTES projects, if water reduction is not a high priority, 
less expensive cooling towers should be considered. 


8.4.2 Injection Control Valves-imported from Europe 


In the US, open loop GHP system do not typically have high level injection valve designs or 
controls. One reason for this is that they do not ever reverse the flow of the groundwater in order 
to store and reuse a building’s waste heat or “waste cold”. Another reason is typical HVAC 
engineers are not schooled or experienced in the nuances of groundwater chemistry. Regrettably, 
many US engineers, not understanding that groundwater may harbor water chemistry issues that 
can be prevented if maintained in a pressurized state or sometimes an anoxic state, simply release 
the injected water in the well near the surface. To avoid those issues on the ATES project, it was 
decided to provide world-class injection valves that from a manufacturer that had extensive 
experience in ATES systems. After US manufacturers were investigated, the search turned to 
Europe and elsewhere. After extensive investigation, ultimately a firm in Switzerland was 
selected. Ironically, this company was the European branch of a US firm, but with no demand yet 
for ATES valves in the US, this product is only manufactured in Europe and in metric dimensions 
and European electrical characteristics (230 VAC/50 Hz). These seemingly minor inconvenience 
created several delays, but though the use of US and Swiss piping adapters/fittings, and the ability 
of the hydraulic unit to be furnished at 120 VAC/60 Hz, the issues were ultimately resolved. 


8.5  ENGINEERING/SPATIAL ISSUES: 
8.5.1 Hydraulic Conductivity: 


With many of the world’s ATES projects having been constructed in The Netherlands, a Dutch 
firm was retained to provide technical assistance to the team. Though their experience was 
international, it was concentrated in The Netherlands where somewhat uniform geology allows 
them to perform a reasonable estimation of a formation’s hydraulic conductivity from just a 
sieve (grain size) analysis of the formation. This technique led to an initial overestimation of 
the hydraulic conductivity of the proposed ATES site by approximately one order of 
magnitude. During a subsequent internal technical review, it was decided that a traditional 
aquifer pumping test be performed on one the monitoring wells that was installed in the early 
years of the project with drawdown monitored in adjacent monitoring wells. This resulted in 
the ability to calculate the actual hydraulic conductivity of the formation. This new data 
produced the need to redesign and increase the capability of the proposed ATES wells. In 
retrospect, ideally, hydrogeological studies would be performed at select locations around a base 
to determine which locations are best suited for ATES with the balance being limited to BTES. 
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Generally, if the aquifer is prolific enough to support the volumetric flow rate (GPM) needed for 
a building’s heating/cooling loads, ATES, will often be less costly than BTES due to the former 
typically needing just pairs of wells vs. the dozens or even hundreds of boreholes required by a 
BTES. Still, simplicity, 50-state applicability, elimination of UIC permitting, familiarity and the 
closed loop nature of BTES will lead many end users towards BTES, even though ATES can 
have lower first cost and better LCC if there is an adequate aquifer. In an ideal situation, a base 
would perform some level of base-wide hydrogeological studies and determine what locations 
and buildings/loads would be most suitable for ATES (if any) and what locations would be better 
suited for BTES. As a minimum, an industry standard Thermal Conductivity Test (TCT), 
sometimes also referred to as a Thermal Response Test (TRT) should be performed at all 
candidate BTES sites. At all ATES candidate sites, water quality should be testing in a manner 
similar to that described in “Test Drilling Program” of Appendix E. 


8.5.2 Water Quality Issues: 


An aquifer is generally considered to be optimal for ATES use if the groundwater movement is 
low (typically in the magnitude of a few feet per year, it has good “yield” (GPM per foot of 
drawdown), and it has proper water quality. Typically, desired water quality characteristics 
include water low in iron (especially the species FE”*, FE*"), free of surface contaminates like 
nitrates (NO3°) or other pollutants. Especially important is to determine where the so-called 
Re-Dox interface is located and insure the oxygenated water and the nearly oxygen free water 
(anoxic water) do not mix during the operation of the system. Rainwater and near surface 
water will always contain some oxygen due to the presence of atmospheric oxygen. Deep 
(100+ ft. deep) groundwater will generally not contain much oxygen. The Ft. Benning site was 
fortunate in that it contained a 10-15’ thick layer of clay, at about 250’ below grade (located by 
conducting natural gamma ray radiation logging) that created a “confining layer” that form the 
top of the ATES “tank” and separated its water from the surficial layer above. Bedrock at 
about 400’ below grade form the bottom of the ATES tank. This naturally anoxic water also 
proved to be free of typical surface water contaminated like nitrates and did not have 
significant or sometimes even measurable levels of iron. Accordingly it had proper water 
chemistry for a successful ATES deployment. Highly detailed water chemistry analysis 
information is beyond the scope of this Final Report, but more information can be found in 
Appendix C, about 2/3 of the way through the UIC permit application. As an illustration of 
water chemistry and ATES design that would be highly risky would be to take deep anoxic 
water that was laden with iron and expose it to air by cascading (aerating it) down the injection 
well (or injecting it into an oxygenated aquifer) so that the iron would oxidize and precipitate 
out. Next opportunistic iron-eating bacteria could now utilize the iron-oxide as a food source 
causing biological fouling. Couple this approach with improper well and gravel pack design 
that extracts sand or clay from the formation and then an injection well that might have 
operated for decades might clog in a matter of months. It is important that water quality be 
analyzed and good well design executed to experience the trouble free ATES injection wells 
that can be found throughout the world when the aquifer is fully investigated and the ATES 
wells properly engineered. 
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8.5.3. Mechanical Room and Real Estate Limitations: 


Retrofitting ATES/BTES systems into existing mechanical spaces and available land can range 
from simple to problematic. Military base’s land usage ranges from low density development to 
very high density (e.g. around naval docks, urban areas) situations. According, installing the 
outside ATES or BTES system often require careful planning. In general, it is sometime 
impossible to retrofit the hundreds or boreholes required by large (100+tons) HVAC system in 
high density situations. In those instances, either only smaller BTES systems could be 
considered; however, if the aquifer beneath the base is prolific, sometimes 100s or even 1000’s 
of tons of capacity can be installed with just several pairs of ATES wells. In the case of the 
ATES and BTES project, land was not an issue and both bases were suitable for both 
architectures with the selection of system type being driven more by circumstances and funding 
availability. Certain building types also lend themselves to their adaptability to ATES or BTES. 
In the case of the BTES project at MCLB, the need to reuse recently replaced chilled water VAV 
AHUs and their hot water induction boxes architecture, were a natural fit to be replaced with a 
BTES supported 6-pipe, heat-recovery modular chiller. The tight foot print of the modular 
chillers and the removal of two large centrifugal chillers and the elimination of the gas boilers 
provided sufficient room for the GHP-BTES installation. A huge, partially cleared land area 
behind the building also was well suited for a the large (300+ ft. diameter) BTES though its 
footprint could have been reduced if needed by deepening the boreholes beyond their 210’ depth. 
At the ATES project at Ft. Benning, a soon-to-be-shutdown central chilled water plant and an 
aged local boiler and obsolete 4-pipe multi-zone AHU we appropriately replaced with 7 GHPs, 
one per zone of the original AHU. Elimination of the boiler provided the needed real estate for 
the new GHP ATES system. In other situations, (e.g. packaged DX equipment), the mechanical 
system may not lend themselves to be easily retrofitted to indoor mechanical system that are 
compatible with ATES/BTES, though those instances are probably rare. 


8.5.4 Accessibility for ESTCP monitoring and tuning of the ATES and BTES (Cyber 
Security): 


Due to security concerns, direct connection to the base -wide energy monitoring system was not 
allowed at either site. All initial energy monitoring was done by on-site data-logging equipment 
that was downloaded by hand (during-site visits). Later, expensive independent cell modem 
based monitoring equipment was added that was kept separate from all DoD systems so that at 
least some monitoring could be done more frequently and without a site visit. Ultimately, at the 
BTES site only, after the system was put online, MCLB approved the PI and Co-PI to go through 
the CAC card process and a government laptop was issued to the Co-PI that had to be returned 
monthly for security updates and scanning. This Marine CAC-card equipped laptop was then 
allowed access to just the IP address of the JACE at the BTES project, via the Marines military 
secured VPN portal for monitoring purposes only. Though slow, and so securely laden it would 
often have to be returned for updates, it was an invaluable to observe the characteristic of the 
BTES operation and response to various climatic situations and building loads. This type access 
was never secured at the ATES project. It is hoped that in the near future, properly vetted and 
credentialed DoD researchers and PIs can obtain real-time access to their projects, for at least 
monitoring purposes. When leading edge energy and water projects can be observed and tuned 
in real time, solutions to meet DoD’s energy security needs can be accomplished in a timely 
manner and technology transfer accelerated. 
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8.5.5 Borehole Grouting: 


In the context of this project, grouting refers primarily to the addition of material to fill the 
annulus of a borehole to insure efficient heat transfer can occur between the underground vertical 
HDPE piping (U-bends) of the BTES and the surrounding geology and the groundwater. Grout 
also serves as a seal of very low hydraulic conductivity to prevent surface contaminates from 
reaching the aquifer and/or undesired inter-aquifer transfer of groundwater. To improve heat 
transfer, a thermal enhancement material like specialized high silica (99.9%) sand or graphite is 
often added. In sections of the geology where there a “holes” in the geology (e.g. gravel seams, 
karst limestone, etc.), many State regulations permit gravel to be placed in the annulus until the 
fill material has progressed up the borehole back to a “grout-able” section of the borehole. 
Unfortunately, that is not the case in GA where the BTES was constructed in karst limestone. 
Despite several test or production boreholes being drilled at MCLB over the years (including one 
at the beginning of the ESTCP BTES project) that were easily grouted, a few boreholes into the 
production drilling, all activities were temporarily stopped due to grouting problems. For many 
of the 306 boreholes at the BTES, the formation had so many voids, cracks and cavities that it 
could takes on (in essence) an unlimited amount of grout (at least 5 X the annulus volume) and 
never reach the surface. In some states, you would simply switch to gravel at that zone, and then 
presume grouting once you were past that location. In GA, that is not yet an option as the 
regulations “simply” require the borehole is grouted from top to bottom. Accordingly, work was 
stopped and the technique of simultaneously grouting from the bottom up via tremie tube at a 
vertical rise rate equal to the rate of surface placement of pea gravel poured down into the 
borehole. Expressed differently, as the pea gravel fell to the bottom and subsequently rose 
upward in the annulus as a fairly high porosity “matrix”, pumped grout filled in the matrix and 
rose with the pea gravel to the surface as the tremie tube was extracted at the same rate. After 
the NAVFAC Contractor was fully trained with this technique, the engineers left the site, a 
change-order was processed and construction was restarted. Accordingly, special grouting 
techniques may be needed in highly porous formations. Similarly, if ATES or BTES projects are 
attempted in formations with high sodium content (brackish or salt waters), the groundwater 
should be tested and grout manufacturers should be consulted to determine if a suitable 
cementious grout is available. 


8.5.6 Implementation Request from ESTCP’s SEM systems “Action Items”: 


e Discuss permitting of USTES systems at military installations: See Section 8 in 
general and Paragraph 8.3 in particular. 


e Discuss what aquifer types are best suited for USTES: See Sections 2.3.2, 8.5.1 and 
8.5.2. 


e Discuss what tonnages are appropriate for USTES: See section 2.1.3. In general, it is 
believed that if a project can be funded as a conventional closed loop or open loop 
GHP system, it is a candidate for BTES or ATES respectively. That being said, 
BTES system do need to have a minimum number of two concentric thermal storage 
zones, so probably a minimum of 20 boreholes would be needed. Also, the cost of 
the reversing valves probably has a minimum threshold for implementation. The 
scientific answer is to construct a computer model using (typically) a program like 
TRNSYS, run a LCC and see if BTES will pay back over traditional GHX designs. 
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As a practical matter, perhaps 50 tons is a minimum size. MCLBA was so pleased with 
the performance of “BTES-1” that they ordered three more BTES systems be designed. 
Those systems (BTES-2,3, & 4) range from around 56 tons to 183 tons. A larger BTES 
system (BTES-5) has also been designed for the Veterans Administration. Similarly, 
ATES system must bear the brunt of some additional first cost over traditional open- 
loop GEO systems, primarily in the form of additional pumps and injectional valves. 
While there are ways to mitigate some of these cost, 50 tons is also probably a good 
rule of thumb for the minimum tonnage of an ATES. In both cases, but especially 
ATES, economies of scale can radically reduce the cost per ton of these systems. 


Discuss thermal storage capacity. See Appendix L. UTES systems, because they are 
primary composed of the geology itself and the ground water, and are typically large, 
have an immense capacity to store energy. Presented in the Appendix L are some 
rudimentary calculations that show the storage capacity of the BTES itself, and the net 
capacity of the groundwater that is injected into the hydrogeology by the ATES, in 
terms of each degree F the building and its associated systems change the hydrogeology 
within the ATES/BTES. As can be seen in the Appendix, the larger scale BTES can 
store the equivalent of more than 1.4 billion BTUs of thermal energy (equivalent to 
432,000 kWh) and the significantly smaller ATES can store 93 million BTUs (equiv. to 
over 27,000 kWh) per degree F change in the BTES itself or the injected groundwater. 
It should be noted that the BTES indirectly “accesses” the BTES via 306 each “fingers” 
(grouted HDPE U-bends inserted down 210 ft into the geology), while the ATES 
achieves “access” by direct injection of groundwater via two injection wells. 


State GHG Reductions: See the Executive Summary and Section 3.0 


Can existing fire protection wells and drinking water wells be repurposed for ATES? 
Absolutely! A proper engineering study that included a detailed environmental, 
water quality, hydro-geological properties (including proper characterization of the 
aquifer), along with a review of the appropriate State and Federal UIC regulations 
would be needed, but there are no fundamental overarching issues that would 
inherently eliminate repurposing before a careful investigation is conducted. 


Provide LCC and Payback analysis: See Section 7.3 


Provide recommendations for additional narrative in the Whole Building Design 
Guide (WBDG) to support technology transfer to DoD: Ideally, additional narrative 
in the WBDG would help support technology transfer of both ATES and BTES 
systems to DoD by requiring all sites/systems to be evaluated for USTES eligibilities/ 
capabilities. This would allow each site/system to be evaluated as the Baseline 
system and used as the baseline comparison to other system types from a capital cost 
and annual operating cost stand-point. 


Typical cooling dominated HVAC systems are designed more towards optimal heat 
rejection/dissipation while typical heating dominated HVAC systems are designed 
more towards for optimal heat extraction. Conventional geothermal systems are 
designed the same way. A cooling dominated GHX is typically designed such that 
ground loop temperatures do not become too hot over the course of a 20-to-30-year 
duration, while a heating dominated GHX is typically designed such that ground loop 
temperatures do not become too cold over the course of a 20-to-30-year duration. 
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For increased efficiency and lower operating costs, designing systems for 
underground seasonal thermal energy storage allows not only for the waste heat of 
cooling systems and the waste cool of heating system to be captured, but also allows 
for the out-of-season capture of the winter’s “cold” or summer’s “heat”, if needed, in 
cooling dominated or heating dominated buildings, respectively. 


WBDG narratives would also promote active control of the ATES or BTES system 
via auxiliary heat rejection device (i.e. dry cooler) for cooling dominated systems or 
auxiliary heat injection device (i.e. dry cooler is still an option as well as solar 
heating) for heating dominated systems. Additional requirements of no evaporative 
water use would also assist in this aspect. WBDG narrative could also incorporate 
sequence of control requirements, which would support a USTES system to be 
utilized. 


Include MCLB geothermal specifications sections that would benefit the committee 
responsible for updating United Facilities Guide Specifications (UFGS): 
Specifications utilized for the MCLB-B3700 project were revised specifically for the 
BTES system designed for this Demonstration and have been sent to ESTCP as a 
standalone document. Additional revisions to the specifications are recommended as 
over a year’s worth of operation has provided additional information, which would 
benefit future BTES projects. These revisions would need to be incorporated and 
reviewed before the specifications could be integrated/added to the UFGS. 
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APPENDIX B) ATES & BTES SYSTEM DETAILED CONFIGURATIONS 
AND DIAGRAMS 


1. BTES System Detailed Configurations & Diagrams 
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Figure 2.4 Heat Recovery Chiller Refrigerant to Water Diagram 
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Chilled, Hot, Source, & BTES Water Distribution System 
a. Chilled Water System 

The heat recovery chiller has a design chilled water supply water set point of 
44°F. The chilled water supply leaves the modular chiller at approximately 44°F 
and is pumped into each of the three mechanical rooms inside the building. Each 
mechanical room contains two modular air handling units with chilled water 
cooling coils. (Note that the air handlers and corresponding controls were existing 
at the time of the BTES system installation.) The cooling capacity of the chilled 
water coil is controlled by a modulating three-way valve acting as a two-way 
valve. The bypass side of the existing three way valves was manually closed to 
force the valve to operate as a two-way valve. The chilled water enters the cooling 
coil where it extracts heat from the mixed air stream and then returns back to the 
mechanical room where it is piped to the suction of the chilled water pumps (P-5 
& P-6). The chilled water pumps then recirculate it back to the heat recovery 
chiller. 


The chilled water pumps operate as lead/standby, alternating every seven days to 
equalize wear. The chilled water pump speed is controlled by a variable frequency 
drive (VFD) that receives a signal from a differential pressure (AP) transmitter 
installed at the heat recovery chiller between the chilled water supply and return 
piping. The VFD modulates the pump speed to maintain a preset AP that was 
determined during Test and Balance operations. 


Chiller Chiller Chiller 
Module 1 Module 2 Module 5 


TTT 


ClimaCool Master Control Panel 


Figure 2.1 Chilled Water System Diagram 
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b. Hot Water System 

The heat recovery chiller has a design hot water supply temperature of 115° F. 
The hot water supply leaves the heat recovery chiller and is pumped throughout 
the building where it serves re-heat coils installed in the VAV boxes. The existing 
VAV boxes were replaced with VAV boxes equipped with 4 row hot water coils 
to be able to produce approximately 90°F discharge air temperature using the 
115°F hot water supply temperature. The hot water is then returned back to the 
mechanical room where it is piped to the suction side of the hot water pumps. The 
hot water pumps (P-7 & P-8) then recirculate the hot water return back to the heat 
recovery chiller. 


The hot water pumps operate as lead/standby alternating every seven days to 
equalize wear. The hot water pumps speed is controlled by a VFD. The VFD 
receives a signal from a AP transmitter installed at the heat recovery chiller across 
the hot water supply and return piping. The VFD modulates the pump speed to 
maintain a preset AP that was determined during Test and Balance operations. 
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Figure 2.2 Hot Water System Diagram 


c. Source Water System 
The source water pumps (P-3 & P-4) pull water from the BTES piping and deliver 
it to the source side of the heat recovery chiller. The temperature range for the 
source water entering and leaving the heat recovery chiller is 60°F entering water 
temperature (EWT) minimum, and 135°F leaving water temperature (LWT) 
maximum. The source water flows through the water to refrigerant condenser 
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during cooling mode, and it flows through the water to refrigerant evaporator 
during heating mode. During heat recovery mode, the source water is completely 
isolated from the condenser and the evaporator for that particular module. (Note 
that each module can operate independent of the other modules.) After the source 
water leaves the condenser/evaporator it is pumped back to the BTES piping 
where it travels to the bore field. 


Additional note: Since B3700 is a cooling dominated building, and the building 
needs very little heat even during the winter months, it is expected that the heat 
recovery chiller will never switch into the heating mode. Instead, the heat 
recovery chiller should typically have enough heat recovery capacity to meet the 
heating demand even in the winter months. 


The source water pumps operate as lead/standby alternating every seven days to 
equalize wear. The source water pump speed is controlled by a VFD that receives 
a signal from a AP installed between the source inlet and source outlet piping at 
the heat recovery chiller. The AP measures differential pressure between the inlet 
and outlet piping to maintain the proper source water flow through the chiller 
depending on the number of modules that are operational. The VFD modulates 
the pump speed to maintain a preset differential pressure that was determined 
during Test and Balance operations. 
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Figure 2.3 Source Water System Diagram 


d. BTES Water System 
The BTES water system operates as the secondary water loop for the source side 
of the chiller. When the source water is pumped into the BTES loop piping by the 


Draft Final Report EW-201135 2) January 2017 


source water pumps, the water is then pumped to the bore field by the BTES 
pumps (P-1 & P-2). The BTES water travels underground from the building to the 
bore field where the piping rises up to above grade. Once the piping rises to above 
grade, the BTES water encounters a three way, two position control valve (CV- 
07). CV-07 will either direct the water through the dry coolers, or bypass the dry 
coolers. After the BTES water passes through CV-07 (and dry coolers, if switched 
to dry coolers) the BTES water encounters a three way two position control valve 
(CV-08). CV-08, operating in unison with CV-09, can position to direct the BTES 
water to the bore field perimeter, or they can position to direct the water to the 
bore field core. The BTES pumps speed is controlled to allow the BTES to flow 
slightly more water than the source water (Approx. 30 GPM) 
i. CV-07 (Dry Cooler) Logic 
The Direct Digital Control system (DDC) uses an algorithm to determine 
when heat can be transferred from the BTES water to the air efficiently 
enough to warrant using fan energy to dissipate the heat in lieu of injecting 
the heat into the ground. As stated above, there are two reasons to do this: 
1. To help to balance the heating/cooling load into the bore field so as 
to not overheat the bore field over time. 
2. To reject heat from the core of the bore field and therefore store 
cooling capacity in the earth. 
To perform this algorithm, the DDC compares the outside air temperature 
as sensed by sensor OA-1 with the temperature of the BTES water from 
the building sensed by sensor WT-14. If WT-14 minus OA-1 > 12°F, then 
CV-07 will position to direct the BTES return water from the building into 
the dry coolers. After CV-07 opens to the dry coolers, if dry cooler 
entering water temperature sensor WT-06 minus OA-1 < 2° F then CV-07 
will change positions to bypass the dry coolers. 
ii. Dry Cooler Fan Logic 
When CV-07 positions to allow the BTES return water from the building 
to pass through the dry coolers, the following logic is used to determine 
the appropriate fan speed. The dry cooler fans will de-energize if the 
supply water temperature leaving the dry coolers sensed at any of the 
water temperature sensors (WT-01, 02, 03, 04) falls below 35°F. (Note: 
The dry cooler will lower the fan speed first to raise the water temperature 
leaving the dry cooler to be greater than 35°F, if this cannot be achieved 
then the fans will de-energize.) The dry cooler fans will also de-energize if 
the source water temperature entering the heat recovery chiller falls below 
52 
Note: Available Positive Spread = (WT-06 minus OA-1) 
Dry Cooler Temperature Differential Set Point % of Spread = (WT-06 
minus WT-12) 


AVAILABLE POSITIVE SPREAD DRY COOLER TEMPERATURE DRY COOLER MAXIMUM 
(DEGREES F) DIFFERENTIAL SET-POINT FAN SPEED LIMIT (%) 
PERCENT OF SPREAD (%) 
GREATER THAN 12 DEGREES F 75 50 
10 TO 12 DEGREES F 65 40 
8 TO 10 DEGREES F 55 30 
6 TO 8 DEGREES F 45 25 
4 TO 6 DEGREES F 35 20 
3 TO 4 DEGREES F 25 10 
LESS THAN 3 DEGREES F | NIA OFF 


Figure 2.4 Dry Cooler Fan Logic 
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iii. Charging/Discharging Logic 

The DDC system uses an algorithm to determine if the BTES 
water downstream of CV-07 sensed at temperature sensor WT-12 is colder 
than the water temperature from the core of bore field (sensed at WT-11 
during discharging mode). If this is true, the temperature at WT-11 is 
saved and the valves CV-08 & CV-09 will position to direct the BTES 
water to the core of the bore field (Charging Mode). After valves CV-08 & 
CV-09 position to charging, the DDC system then uses an algorithm to 
determine when to stop directing the BTES water to the core and start 
directing the BTES water to the perimeter of the bore field (Discharging 
Mode). To determine when to switch from charging to discharging the 
DDC compares the last saved temperature value from WT-11 during 
discharging mode with the current temperature reading sensed at WT-12. 
When WT-12 is greater than the saved value from WT-11, CV-08 & CV- 
09 will position from charging mode to discharging mode. 


; Common piping between BTES 
To/From Bore Field Perimeter Toon Bore Bild Care system and Source System 


BTES Loop 


Figure 2.9 BTES System Diagram 
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Figure 2.6 Dry Cooler Diagram Part 2 
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2. ATES System Detailed Configurations & Diagrams 


Water Source Heat Pumps 
Heating and cooling of the space is achieved by utilizing seven water source heat 
pumps located in a central mechanical room. The sizes of the heat pumps range from 
approximately 3 tons to 6 tons for a total of approximately 30 tons. 


ATES, Dry Cooler, and Loop Water Distribution System 
a. ATES System 

As stated above, the ATES system consists of a warm well and a cold well. In 
cooling mode, cool water is pumped via a submersible well pump from the cold 
well and is directed to the loop water plate and frame heat exchanger (HX-1). The 
cool water extracts heat from the loop water as it passes through the heat 
exchanger, and is then routed to the warm well. The water is then injected into the 
warm well aquifer via an injection valve located above the submersible pump in 
the warm well. In heating mode, warm water is pumped from the warm well and 
is then directed to HX-1. The ATES loop rejects heat to the building loop as it 
passes through the heat exchanger. After leaving the heat exchanger, the ATES 
water then has the option of either flowing through the dry cooler or flowing 
directly into the cold well. If the difference between outside air temperature and 
ATES water temperature is great enough, then additional heat can efficiently be 
dumped to the air, in this case the ATES water would be directed to the dry 
cooler. After leaving the dry cooler, the cold water is then injected directly into 
the aquifer via an injection valve located directly above the submersible pump. 


b. Dry Cooler 
The dry cooler installed for the ATES project is similar to the two dry coolers 
installed for the BTES project, except that the ATES system dry cooler does not 
have an adiabatic cooling option. The dry cooler however does have the ability to 
utilize the Low Capacity Motor Management (LCMM) to reduce fan speed and 
stage fans to maintain tight control of the discharge water temperature set point. 
Water is pumped from the dry cooler plate and frame heat exchanger (HX-2) by 
two inline centrifugal pumps (lead/standby) located in the mechanical room into 
the inlet of the dry cooler. The ECM fan motors modulate their speed and stage 
their fans to cool the water to the desired set point. After the water leaves the 
cooling tower it is directed back to HX-2 where it removes heat from the ATES 
water and the cycle restarts. 


Draft Final Report EW-201135 9 January 2017 


Figure 2.7 - Dry Cooler 


c. Loop Water System 
The loop water is cooled and heated by flowing through HX-1. HX-1 is adding or 
removing heat depending on whether water from the warm well or cold well is 
flowing through the opposite side of HX-2. Each individual water source heat 
pump contains an internal variable speed water pump that pumps the required 
amount of water from the loop through the heat pumps internal coaxial heat 
exchanger. The speed of the pump is controlled to maintain a pre-set AT between 
entering and leaving loop water. Each pump contains an internal check valve to 
eliminate the possibility of one pump pumping water through the inactive heat 
pumps. 
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APPLICANT: Ft-Benning, COL Andrew C.Hilmes DATE: April 25, 2016 
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STATE OF GEORGIA 
DEPARTMENT OF NATURAL RESOURCES 
ENVIRONMENTAL PROTECTION DIVISION 


Underground Injection Control Program 


Class V Injection Well 
Permit Application 


Part 1. Permit Application 


SECTION I. FACILITY INFORMATION 


Facility Name: Building 3215, Ft. Benning, Georgia 

Phone: Not Applicable River Basin: Chattahoochee 

Facility Address: {1th Airborne Division Rd. 

City: Ft. Benning State: GA ZIP Code: 31905 


Latitude (DD/MM/SS): 32d/24m/35.1936s N (32.409776) Longitude (DD/MM/SS);: ssasamasizes | County: Muscogee 


Is the unground injection part of a corrective action or remediation plan to be included in another Georgia EPD permit? If yes, 
please explain: 


No. This is a energy/water savings project (Aquifer Thermal Energy Storage-ATES) of the Army 
intended to reduce this building's energy consumption via a non-contact groundwater cooling system. 


SECTION II. OWNER CONTACT INFORMATION 


Name of Owner or Authorized Representative: Ft, Benning; COL Andrew C. Hilmes, 


Title: Garrison Commander, Ft. Benning 
Phone: 706-545-1500 E-mail: Fax: 


Owner Mailing Address: HQ, US Army Garrison, Karker St., Building 4, Suite 5900 
City: Ft. Benning State: GA ZIP Code: 31905-5000 


SECTION Ill. DRILLER INFORMATION 

GA Licensed Water Well Contractor or Bonded Environmental Drilling Company Name: 

Middle Georgia Water Systems, Inc. 

Phone: 770-567-3400 E-mail: jkcolwell@middlegawater.com Fax: 770-567-3428 
Address: 11 Williamson Rd. 

City: Zebulon State: GA ZIP Code: 30295 
License No.: 598 and 35 Bond No.: 

SECTION IV. INJECTION WELL INFORMATION 

1. Are the wells or devices proposed or existing: Proposed 


2. No. of injection wells: Four total, but only one or two would be functioning as cooling water return wells at any moment in time. 


3. Classification of injection well(s) or devices (check box): []Class!| [)Class!| (1Class til [JClass!V_ [ll Class V 


STATE OF GEORGIA 
DEPARTMENT OF NATURAL RESOURCES 
ENVIRONMENTAL PROTECTION DIVISION 


Part 71. Permit Application 


4, Well Depth: 400° 5, Borehole Diameter: 15-7/8" 6. Csg. Depth: 4¢0' 

7. Csg. Diameter: Nominal 8" 8, Csg. Material: Schedule 80 PVC 

§. Screen Type: SDR-21 PVC slotted screen 10. Screen Diameter: Nominal 8" 

11, Screen Interval from =" ota #7 12. Grout Type: Bentonite Grout 

13. Grout Interval from ° sta 14. Grout Thickness: Nominal 3-5/8" thick grouted annulus 


SECTION V. INJECTION SYSTEM DATA 


1. Type of Fluid: Natively presant groundwater 

2. Source of Fluid: Local/Site Aquifer 

3. Purpose of the Injectian/source of the contamination: Non-contact ground water cooling return well/Not Applicable 
4. Proposed Injection Rate (daily max) (gallans/minute/well) (SCFM for air): 46 GPMfwell (max) 

5. Prapesed Injection Volume (daily max) {gallons/minute/well) (SCFM for air): 66,440 gal/day/well(max.) 

6. Proposed Injection Pressure {max daily) ( Ibs./sq. inch) (psi)}: § PSIG at injection pipe (0 PSIG at the top of the casing) 
SECTION VI. CERTIFICATION 


| certify under the penalty of law that | have examined and am familiar with the information contained in this document and 
attachments and the information is true, accurate and complete. | am aware of the associated penalties for submitting false 
documentation, including but not limited to manetary penalties and or imprisonment 


Name of Applicant: OQ] ndrew C: Hilmes Date: Nov 0§ 206 


Signature of Applicant: ie pate 65 lo 
? woVv fa 


Georgia Rules and Regulations for Water Quality Control, Chapter 391-3-6-.13 
Underground Injection Control Program 
Class V Injection Wall Application 


STATE OF GEORGIA 
DEPARTMENT OF NATURAL RESOURCES 
ENVIRONMENTAL PROTECTION DIVISION 


Part Il. Application Documents* 


Please include the following documentation with the application: 


1. A detailed diagram of the injection well(s) or device(s) showing the items described in Part I. 
Section IV of this Application. 


2. A chemical analysis of the injected fluid. The analysis must include all constituents 
specified in the currently applicable Georgia Rules for Safe Drink Water, as amended. 


3. A detailed diagram showing the engineering layout of the injection equipment and all piping 
associated with the system. 


4. A comprehensive subsurface report, prepared by a Georgia registered Professional 
Geologist (PG) or Professional Engineer (PE), including all the geological and 
hydrogeological parameters of the site. 


5. A notarized statement from the applicable local government stating the injection project is 
consistent with the local land use plan or zoning requirements. 


6. A detailed map orientating the injection well (s) and any other wells to two (2) nearby 
reference points such as roads, streams, or nearby structures, etc. Please clearly mark the 
distances from the wells to the reference points. 


7. If applicable, the approved Corrective Action Plan for the UIC File. 


Submit the Completed Application to: Georgia Environmental Protection Division 
Underground Injection Control Program 
2 Martin Luther King Jr. Drive 
Suite 1152 
Atlanta, Georgia 30334 


' Please refer to the Georgia Rules and Regulations for Water Quality Control, Chapter 391-3-6-.13. 


Georgia Rules and Regulations for Water Quality Control, Chapter 391-3-6-.13 
Underground Injection Control Program 
Class V Injection Well Application 
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Executive Summary 


(Item 12 of the UIC Permit Application Checklist) 


Introduction: Andrews, Hammock and Powell, Inc. (AH&P), a Consulting Engineering firm located in 
Macon, GA, was Contracted by the Department of Defense’s (DoD) ESTCP office to engineer and 
demonstrate a non-contact cooling water system that would significantly reduce the energy and potable 
water consumption at a DoD facility. DoD and AH&P selected a small (+/-10,000 ft”) Brigade 
Headquarters at Ft. Benning (Building # 3215 in the Sand Hill area of Ft. Benning) to demonstrate this 
technology. The technology, called Aquifer Thermal Energy Storage (ATES), is in use throughout the 
world but very rare in the US. Project goals include a 100% reduction in the drinking water currently 
used for this building’s pro-rata share of make-up water to its cooling tower at the nearby chiller plant and 
30-60% reduction of this building’s HVAC energy consumption. DoD consumes over $4B/year in 
building energy and billions of gallons of potable water and is keenly interested in reducing both. 


System Description: There are four wells involved in the system with two designated ATES Warm Well 
#1 & #2 and two designated ATES Cold Well #1 & #2. All wells contain a variable speed stainless steel 
submersible well pump capable of 45 GPM (maximum). Typically, only one of the four pumps operate at 
atime. Each well/pump also has a modulating stainless steel injection valve mounted on the discharge of 
the pump which remains closed during pump operation, but, modulates open when needed for injection, 
while maintaining positive pressure in the discharge piping. Water flows down the drop pipe and then 
into the casing and screen via the injection valve openings in its side with gravity (“mounding’’) being the 
force the produces the flow into the injection zone. In other words, unlike other (typically non-Class V) 
injection wells, it is not necessary to use a “packer” at the injection zone to force water into the aquifer via 
high positive pressure (1.e. flow is induced by gravity as water “mounds” inside the casing above the 
native groundwater level). As water is injected, it can “mound” above the static groundwater level, but 
due to its conservative design (confirmed by computer modeling) the top of the casing is never positively 
pressurized at the surface and is in fact open to atmosphere via a screened vented opening. This is why 
the original application stated the injection pressure as zero psi. In the revised application, the results of 
the computer analysis show only “mounding” occurs and the casing is not positively pressurized at the 
surface: however, it is desired to maintain some positive pressure in the injection piping itself at the 
surface to overcome the friction of the injection drop pipe and the pressure drop of the modulating 
injection valve at the bottom of the pipe and accordingly have revised the permit application to show a 
nominal 5 psig “injection pressure”. This pressure will serve as the “setpoint” to control the modulating 
injection valve so a slight positive pressure will always be maintained in the piping system. A pressure 
transducer in the injection piping/casing annulus, as described herein under “Mechanical Integrity 
Testing”, will continuously monitor the water level in the casing and slow down or shut-down the 
injection pump in the event the water level ever rises to the surface. Typically, one pump will be 
supplying the water to the building and two wells will be receiving the non-contact cooling water return to 
minimize “mounding” and energy consumption. All piping is NSF rated HDPE, PPT-RCT, or PVC pipe 
and the plate and frame heat exchangers are Type 304 Stainless steel with potable water on the opposite 
side of the plates. 


System Design Concept: Groundwater is typically extracted from one or both of the “cold wells” during 
the warmer months to cool the building and the slightly warmed water is injected into the ground via one 
or both of the “warm wells”. During the cooler months the flow reverses, and the same water is now 
extracted from the “warm wells” and a dry-cooler (outdoor coil with a fan) extracts heat from its potable 
water heat transfer loop on the other side of a plate and frame heat exchanger from the groundwater and 
rejects the heat to the atmosphere. If needed, the building also can provide “free cooling” of the water by 
extracting heat from its potable water heat transfer loop on the other side of its plate and frame heat 
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exchanger. In this way the non-contact ground water cooling system can be kept as cold as possible and 
remain at peak efficiency. 


Environmental Considerations: Non-contact ground water cooling ATES Systems are favored 
worldwide due to their environmental and energy virtues. They can reduce energy consumption by 30- 
60% and save hundreds of thousands of gallons/year in potable water consumption for cooling tower 
make-up in small buildings and millions of gallons/year in large buildings. By utilizing potable water 
rated piping, stainless steel equipment, and only transferring a small amount of heat, the groundwater 
remains in its original condition. The reversibility of the ATES system and heat rejection capability of the 
dry-cooler also allow for a more closely balanced thermal load on the ground than provided by traditional 
non-reversible non-contract groundwater cooling water systems by means of its capability for wintertime 
heat rejection from the groundwater previously used for cooling. 


Non-Contact Vs. Direct Contact Cooling Water System Overview: 


Direct “Contact” type cooling water systems utilize cooling water that literally comes in direct “contact” 
with an actual product to remove heat from the product. The product mixes with and/or “contacts” the 
cooling water and could be in liquid, gas or solid form, although it is EP es 
typically in a solid form. In the example of direct contact cooling of a = a 
solid object, the product could be a manufactured product or an 
agricultural product. While there are many examples of Direct 
Contact cooling, one type particularly prevalent in Georgia is a drag 
or auger type “bird chiller” found in chicken processing. In this 
application, the cooling water directly contacts the eviscerated bird 
and becomes contaminated with material and organisms from the Lane 
product. The cooling water is typically then discharged into the Auger Type Direct-Contact 
sanitary sewer after it serves it purpose of dropping the bird Bird Chiller 
temperature to around 40° F. The proposed system in this UIC 

application is not a Direct Contact type cooling system. 


Non-Contact type cooling water systems do not contact any solid products or liquids or gases. EPA states 
that “Non-Contact cooling water is used to reduce temperature and does not come into direct contact with 
any raw material, intermediate product, waste product (other than heat) or finished product.” The 
proposed non-contact cooling water system serving the ATES system for Building 3215 at Ft. Benning is 
non-contact in its design, with the groundwater merely passing through potable water rated pipes, pumps, 
valves and a stainless steel plate and frame heat exchanger. The groundwater is then returned to the same 
aquifer it left minutes earlier and is only altered by a few degrees Fahrenheit. It does not come in contact 
with any products, nor are any additives (or anything whatsoever for that matter) introduced into the 
groundwater fluid stream. 


Mechanical Integrity Testing: 

Overview. This project involves the transfer of groundwater from one side of the site to the other side of 
the site for reinjection after it has performed its non-contract groundwater cooling purpose. The aquifer at 
the site is not used for drinking water as the Ft. Benning potable water system has been disconnected from 
its water wells and is now owned and operated by the Columbus Water Works (CWW) since 2004. 

CWW utilizes surface water to serve both the City of Columbus and Ft. Benning. Ft. Benning is so large 
that there are a few remote gun ranges served by wells (the nearest being 6 miles away from Building 
3215), but the Department of Public Works (DPW) at Ft. Benning advises new water mains are being run 
to these remote locations and their isolated water systems will be off their wells within the next two years 
and connected to the CWW water mains. Accordingly, the aquifer at the project site is not utilized as an 
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Underground Source of Drinking Water (USDW) nor anticipated to ever be utilized as such. The existing 
aquifer at the site is comprised of a mixture of sand and clay down to the bedrock at approximately 400’ 
with a semi-confining layer at around 250’ below grade. The groundwater level at the site is typically 
found between 30’ and 41’ below grade, based primarily on the ground elevation where the reading is 
taken and the rainfall received that year/season. This project utilizes native groundwater being extracted 
and reinjected via gravity flow. Accordingly, the motivation for vertical movement of injected water in 
the annulus of the injection wells is limited and there appears to be no negative consequences of the 
upward vertical water movement if this extremely unlikely event were to occur. Still, proposed herein are 
two mechanical integrity test procedures to insure the integrity of the casing and its grouted external 
annulus. 


The specifics of the injection well design are two warm (or cold), low-intensity gravity injection wells, 
typically operating simultaneously, with each well consisting of an ultra-conservative 8” diameter PVC 
well screen, approximately 150’ long, with its top elevation approximately 250’ below grade. At peak 
cooling conditions (a few hours per day in the summer, on the hottest days), the total water flow needed is 
45 GPM and therefore each of the two active injection wells (warm or cold) would only handle 22.5 
GPM. However, if needed for maintenance or other purposes, one well could handle all the flow on an 
intermittent basis hence 45 gpm is listed for each well in the permit application. In reality, the wells 
would only operate at these full flows for few hours per day, and only at the full volumetric flow rate on 
the hottest days of a few months per year. For modeling purposes only, as described in the Part III of this 
application, the injection wells were simulated to operate at full flow for 1,250 continuous hours in an 
attempt to deliberately fill the casing completely with “mounded” water, but still insure the injection well 
would not overflow at the surface. The modeling results indicated it would not overflow in this extreme 
(non-reality) situation. For that reason, (and many others) it was decided not to utilize a packer so as to 
never over-pressurize the aquifer and allow for continuous water level monitoring in the annulus. 
Specifically, a pressure transducer will be suspended by stainless steel cable in the annulus between the 
injection pipe and the casing in order to continuously monitor the water level in the annulus and to be able 
to automatically shut down the injection pump in the event the water in the annulus reaches the surface. 
The results of these modeling efforts are more fully described and illustrated in Part II, Item 4 
(Comprehensive Subsurface Report) of this UIC Application. 


Mechanical Integrity Testing of the Casing: The design of the wells utilizes an 8” Schd. 80 PVC casing 
that will be fully grouted with bentonite grout from the surface to the gravel pack/screen at approximately 
250’ below the surface. Schd. 80 PVC or stronger discharge/injection piping will be installed down the 
center of the casing, terminating at the injection valve/pump suspended above the well screen. As 
described above, the planned design will not require a “packer” and water will be allowed to “mound” 
inside the casing during injection. A complete description of the hydraulic modeling that determined the 
projected amount of mounding is found in Part 4, Comprehensive Sub-Surface Investigation. To insure 
the integrity of the casing it is proposed that the following test be accomplished by AH&P personnel 
under the supervision of a PE: 

1. After completion of the well casing, screen, gravel pack and annulus grouting to the surface, the 
top of the casing will be temporarily sealed off in an airtight manner with fittings that will allow 
the injection of air into the top of the casing while simultaneously monitoring the air pressure in 
the casing. 

2. Compressed air will then be delivered to the interior of the casing until the pressure has risen to 
approximately 10-20 PSIG. 

3. Due to the compressed air being potentially hotter than the PVC casing/geology/groundwater 
temperature, the pressure will naturally drop due to the Ideal Gas Law. Accordingly, additional 
air will be added over the next few hours to maintain the pressure in the casing. When it is 
determined that fluctuations in pressure due to temperature changes, atmospheric pressure or 
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water table movement are minimal, the compressed air line will be removed and the pressure 
transducer activated to begin logging the air pressure in the casing. 

Air pressure will be logged for a minimum of one hour. If the gauge pressure in the casing is 
observed to remain with +/-5% of its initial reading, the pressure test will be deemed successful. 
All work will be accomplished under the direction of a licensed Georgia PE or PG and a report of 
the results of this testing shall be submitted to the Georgia EPD for their review and records. 

It is proposed that the mechanical integrity of the casing be tested upon completion of the well and 
submitted to GA EPD for review. At or around the 1-year anniversary of that test, it is proposed 
the same test be conducted and submitted again. If that test is successful, it is proposed the well 
casing shall be tested 2-3 years later (within 1 year of the expiration date of the UIC permit). If 
this third test is successful; it is proposed the test is only performed for subsequent permit 
renewals within one year of the expiration date of the current UIC permit. As an alternate to the 
above pressure test, it is proposed that either the above pressure test or a video camera inspection 
be allowed for subsequent test. 


Mechanical Integrity Testing of the Annulus Grout: The design of the injection wells includes the use of 
bentonite grout from the surface down to the gravel pack at the well screen. The bentonite grout will be 
placed in the annulus by means of a pressure pump and a tremie tube as described herein. The following 
Volumetric Annulus Grout Integrity Test/Measurement is proposed to insure the casing is fully 
grouted: 


I. 


After the well screen and casing is placed in the borehole and gravel pack is installed around the 
screened interval, a weighted probe (“tag line”) shall be lowered into the annulus and the depth of 
the gravel pack shall be determined. The net available volume of the annulus in cubic ft. shall 
then be calculated. 

Grout shall be mixed in accordance with the manufacturer’s recommendations and placed 
downhole by means of a tremie tube and a pressure grouting pump. As the grout rises in the 
annulus, the tremie tube will be withdrawn at the same rate at grout rises in the annulus. 

During all procedures, the quantity of grout and water used in the mix will be tabulated on a mass 
and volumetric bases. When the grout reaches the surface, the volume of the grout will be 
calculated. 

If the actual volume of the grout utilized is within 5% of the calculated net volume of the annulus 
between the casing and the net borehole wall, the well’s annulus grout mechanical integrity test 
shall be considered “passed”’. 
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Part II, Item 1: Detailed Diagram of the Injection Wells or Devices 


Non-Contact Groundwater 


System for 
Aquifer Thermal Energy Storage (ATES) 
Capturing the “Cold of Winter" and utilizing it for summer cooling 


< 
~ 
< 
XN 1 i~ 

When in heating mode during Winter, i! ener 

the Building also acts to provide initial aa 

chilling of loop water and therefore chill Aquifer Operation 
water, for later “harvesting” in Summer. "Cooling Dominant” building 
3 (on an annual basis). 


Closed Potable Water Loop to Demand 


Fig.1 Non-Contact Cooling Water ATES Diagram-B3215 Ft. Bennin 


The above illustration provides an overview of how the system is configured. Detailed drawings of 
the four Injection Wells (each are identical) are shown on drawing UIC 406 which is included under 
Item 3 and Appendix B. In Fig. 3 below, the blue fluid is the groundwater and the red fluid is the 
potable water on the building side delivering heat, in a non-contact manner to the groundwater. 


Fig. 2 Submersible pump with injection Fig 3 SS Plate/Frame Heat Exchanger 
valve 
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Part II, Item 2: Chemical Analysis of the Injection Fluid 


When Ft. Benning’s Environmental Management Division contacted Georgia EPD regarding Item 2, 
EPD advised they would inform Ft. Benning what chemicals were needed to be tested after receipt of 
the initial UIC Permit Application. Therefore, a submission of water sample testing results was not 
needed with the initial UIC Application. However, since AH&P’s driller (Middle GA Water 
Systems) had previously installed two sets of nested monitoring/testing wells at the site and Test 
America in Savannah had also previously completed some basic water chemistry testing for AH&P, 
that information is therefore included for reference. It can be found in Appendix A “Water 
Chemistry Analysis” near the end of this UIC Application document. 


The potable water system on Ft. Benning is now owned by the Columbus Water Works (CWW) and 
Ft. Benning purchases their potable water from them. CWW uses surface water for the vast majority 
of the water supply to Ft. Benning (and Columbus for that matter) with the exception being a few 
remote locations/firing ranges on the Installation which are not yet piped to the central distribution 
and still utilize groundwater from potable wells. Projects are underway to eliminate even those few 
wells in the next few years. The three closest Ft. Benning potable wells to the project site are each 
approximately 6 miles away and are shown on the map included under Item 6 herein. The 
Environmental Management Division at Ft. Benning has advised there are no plans to utilize the 
aquifer at Building 3215 for potable water purposes in the short or long term. Accordingly, it would 
seem that the initial and periodic testing could be limited in scope and frequency at described below 


As illustrated in the documents herein, the non-contact groundwater cooling system proposed for 
Building 3215 utilizes stainless steel pumps, motors, injection valves and heat exchangers inside 
Building 3215 whose other heat exchange fluid is potable water. Due to the unique architecture of an 
ATES system, the groundwater is actually returned to its original location at least once per year. In 
other words, groundwater is simply transferred back and forth from the western half of the site to the 
eastern half in a process that is repeated based on the cooling water needs of the building. Ft. 
Benning will test the water initially and periodically for whatever constituents are of concern to the 
Georgia EPD; however, given the benign nature of the system, it is respectfully requested that 
consideration be given to minimizing both the frequency and spectrum of chemical analysis required 
of the Army under this permit, as is proposed herein in this revised UIC application. On a daily, 
yearly or lifetime basis, there is no net extraction or injection of groundwater proposed, no transfer of 
water from one aquifer to another, and the maximum distance between the furthest apart wells will 
not exceed 1,000 ft. For the ATES wells, it is proposed that, after the wells are drilled, developed and 
ready for use, that a groundwater sample be taken and submitted to an approved lab, for testing of the 
following potential contaminants: 


1. Inorganic Metals: 


a. Antimony 
b. Arsenic 

c. Barium 

d. Beryllium 
e. Cadmium 
f. Chromium 
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Lead 
Mercury 
Nickel 
Thallium 


me Bega 


2. Semi-Volatile Organic Compounds (Semi-VOCs) 
Alachor 
Atrazine 
Benzo(a) Pyrene 
Di (2-ethylhexyl) adipate 
Di (2-ethylhexyl) phthalate 
Endrin 
Lindane (gamma-BHC) 
Heptachlor 
Heptachlor Epoxide 
Hexachlorobenzene 
Hexachlorocyclopentadiene 
Methoxychlor 

. Simazine 


SrA Some aoe 


3. VOCs: 
Vinyl Chloride 
Benzene 
Carbon Tetrachloride 
1,2-Dichloroethane 
Trichloroethylene 
para-Dichloroethane 
1,1-Dichloroethylene 
1,1,1-Trichloroethane 
cis-1,2-Dichloroethylene 
1,2-Dichloropropane 
Ethylbenzene 
Monochlorobenzene 

. O-Dichlorobenzene 
Styrene 
Tetrachloroethylene 
Toluene 
Trans-1,2-Dichloroethylene 
Xylenes (total) 
Dichloromethane 
1,2,4-Trichlorobenzene 
1,1,2-Trichloroethane 


Pre Rr OvoB acer ro hone os 


The results of the above testing would be submitted to the GA EPD. It is proposed that the above 
testing be conducted initially with only the inorganic metals being further submitted again quarterly 
during the first year. All the above testing is proposed to be repeated approximately one year later. If 
all of these test are negative, it is proposed that the well be tested next within one year of the 
expiration date of the UIC permit and the results of that test be submitted with the application for the 
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renewal of the UIC permit. It the test accomplished just prior to the permit renewal is successful, it is 
proposed it be conducted again in each subsequent permit renewals application submitted that is 
submitted within one year of the expiration date of UIC permit. 


Part II, Item 3: Detailed Diagrams Showing the Engineering Layout of the Injection Equipment/All 
Piping 


The Contract Documents that will be used to construct the non-contact ground water cooling system 
for Building 3215 are attached near the end of this UIC Application document in Appendix B, 
Detailed Diagrams/Engineering Layout (Drawings). Drawing UICO01 shows maps and the site plan 
with the four combination supply/injection wells identified at ATES Cold Wells #1 & #2 and ATES 
Warm Wells #1 & #3. Typically, in late-fall/winter, the warm return water from the building 
(received by the aquifer the previous summer) is extracted from normally just one of the warm wells 
(the active warm well is swapped periodically to equalize pump run time, etc.), then cooled by the 
dry-cooler (and sometimes by the building) and injected into both of the Cold Wells to minimize 
mounding and energy consumption. In the summer, this same water is extracted from the Cold 
Wells, used to cool the building and then non-contact cooling water returned/injected into the Warm 
wells. This process is repeated annually (and even daily if conditions permit). 


UIC002 is a close up of where the underground pipes will connect to the building’s pipes at an 
underground enclosure just outside the mechanical room. UIC301 continues the piping into the 
building where the two plate and frame stainless steel heat exchangers are located. The fluid passing 
through the building/dry-cooler side of the heat exchangers is potable water. Groundwater passes 
through these two heat exchangers in series, exits the building and traveling from/to the supply or 
injection wells respectively. UIC406 provides details of the wells themselves and adjacent electrical 
panels. All piping is NSF Approved HDPE, PP-RCT or PVC piping and all equipment (pumps, 
motors, plate and frame Heat Exchangers and the injection valves) are constructed of stainless steel. 
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Part II, Item 4: Comprehensive Sub-Surface Report 


Geological and Hydrogeological Report COMPREHENSIVE 
SUBSURFACE 

April 25, 2016 REPORT 

For the Proposed Non-Contact Cooling Water System 

Serving the Aquifer Thermal Energy Storage (ATES) System UIC Permit Application 

At Building 3215 Part [1-Documents 


11" Airborne Division Rd., Ft. Benning, GA 31905 Item 4 


Prepared by Charles W. Hammock, Jr. PE (17080) 
Andrews, Hammock & Powell, Inc. -Consulting Engineers 


Consultants: 


IF Technology B.V., Armhem, The Netherlands 
Jon Spaller, PG, Senior Geologist, 

Geotechnical & Environmental Consultants (GEC) 
Macon, GA 
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Introduction: Andrews, Hammock and Powell, Inc. was Contracted by the Department of 
Defense (DoD) to engineer a non-contact cooling water system that would significantly reduce 
the energy and potable water consumption at a DoD facility. Building 3215 in the Sand Hill area 
of Ft. Benning was chosen to be the demonstration site. This building is currently served by a 
large centralized (off-site) water-cooled chilled water plant that consumes 10’s of millions of 
gallons of potable water each year to operate its cooling towers. The Central Plant is currently 
scheduled to be decommissioned within the next five years. As described previously, it is 
proposed that a non-contact ground water cooling system be installed to serve a new Aquifer 
Thermal Energy Storage (ATES) system at this building’s site to significantly reduce the 
buildings energy consumption and eliminate its need to consume domestic water via the makeup 
water needed for its current centralized cooling tower. In commercial building with cooling 
towers, the tower water usage normally accounts for the vast majority of the buildings water 
consumption, far outweighing domestic water consumption for handwashing, toilets, and 


cooking. 


Basic Geology and Hydrogeology at the site: Ft. Benning abuts the city of Columbus which 
generally marks the western end of the “Fall Line” in Georgia where the Piedmont meets the 
Coastal Plain. The project site is positioned 5 to 10 miles south of the Fall Line and the literal 
first water “fall” of the Chattahoochee River can be observed about 7 miles NW of the site. 
During AH&P’s drilling activities at the site, which were associated with the investigation of the 
geology and for the purpose of installing monitoring wells, bedrock was encountered 
approximately 400’ below the surface. As can be seen in the included Drilling Logs and Sieve 
Analysis by Jon Spaller, PG of GEC, the bedrock is overlaid by a mixture of generally silty fine 


to coarse sand and sandy clay. 


The USGS (http://mrdata.usgs.gov/geology/state/sgmc-unit.php?unit=GAKt:1) describes the 
surface geology at the site as being Kt: Tuscaloosa Formation (Cretaceous) with the primary 


“rock” type as sand with the secondary as clay and it major lithologic constituents as 
unconsolidated, coarse-detrital sand and fine-detrital clay, which is consistent with the field 


observations. 


EXPLANATION 


COASTAL PLAIN AQUIFER S 
Floridan aquifer system 


SJ] Claibome, Clayton, and Prow dence aquifers 
7Z] Cretaceous aquifer systens 
PIEDMONT AND BLUE RIDGE AQUIFERS 
GG) Crystalliner ock aquifers 
VALLEY AND RIDGE AND APPALACHIAN 
PLATEAUS AQUIFERS 
Paleozoic rock aquifer 


HG Nota principal aquifer 


VALLEY AND RIDGE 


APPALACHIAN, BLUERIDGE 
PLATEAUS 


. > 


Figure 1. Area of use of principal aquifers and generalized diagram showing aquifers and 


physiographic provinces in Georgia. 


Fig. 4: Generalized Diagram of Georgia 


Aquifers 


& 
; 


s ‘ on 
. @tcolumbus 


Kt: Tuscaloosa 
Formation 
(Cretaceous) 


[Detailed description| 


Tuscaloosa Formation 


@ 


s 
'  » Fort Benning South 


Fig.5: USGS Geological Classification of the 
B3215 Site 


Andrews, Hammock and Powell, Inc. 


Page 19 


UIC Application Documents: Non-Contact Cooling Water System-B3215, Ft. Benning 


Lying just south of the Fall Line, the aquifer at the site is part of the Coastal Plain Aquifers of 
Georgia and specifically, it is considered part of the Cretaceous Aquifer system. The ground 
water level was generally observed to be in the range of 34-43’ below grade and it did not 
experience significant fluctuations during the multiple years it was monitored with in-situ 
pressure transducers. Water levels were monitored at two on-site monitoring wells and at one 
pre-existing monitoring well south-southeast of the site and the average slope (or dh/dl) was 
determined to be around 0.0117 ft/ft. An aquifer pumping test was performed by AH&P and 
analyzed by our Dutch Consultant IF Technology. They estimated the average hydraulic 
conductivity (k) to be around 1.575 ft./day and the porosity (n) of the formation to be 0.3. The 
average annual groundwater velocity was therefore estimated to be approximately: 


V=k * (dh/dl)/n =(1.575 ft/day * 0.0117 * 365 days/year)/0.3 = 22 ft/year 


In the recently published Advances in Thermal Energy Storage Systems book edited by Cabeza, 
the upper recommended limit for groundwater 


. Fort Benning - Bldg 3215 - Borehole #2 
velocity for a non-contact ground water iia Wie ae 


Gamma Readings (eps) 


cooling based ATES system is 360 ft/year with x a ae 
a typical (preferred) maximum of 120 ft/year : 
With the expected groundwater velocities in 
much lower than this range, the ATES system sa 
should perform with high efficiencies. = 
AH&P performed electric logging and natural a4 
gamma ray radiation logging measurements ma 
downhole to further understand the geology of ws 
the site. The gamma logs revealed a ms 
distinctive spike of natural gamma radiation at mas 
around 235’ below grade indicating the -_ 
probable presence of a distinct clay layer that os 
was approximately 10’ thick ascanbeseenin =” ix: 
the graph at right. ee 
A subsequent pumping test, conducted by im? 
extracting water from beneath the clay layer ne 
confirmed the clay indeed formed a semi- 2s 
confining layer as monitoring wells installed ae 
above the clay layer showed very little change aes 
in their potentiometric surface while there was as = 
significant drawdown of the hydrostatic oo 
pressure beneath the clay layer as it was being es 
pumped. While a confining layer is not a ma 
necessity for a successful non-contact ground m2 
water cooling system serving the ATES, it is mm 


desirable as it provides a source of ground 

water typically free from surface contaminates like nitrates, while 
also having low levels of dissolved oxygen present in the 
groundwater. Iron is not normally an issue with an ATES system as the water is kept under 
pressure and not exposed to atmospheric oxygen, but testing for total iron (Fe) and by Species 


| Fig. 6: Gamma Logs | 6: Gamma Logs 


450 
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(Fe+2/Ferrous or Fe+3/Ferric) resulted in a Below Detectable Levels result (basically a “non- 
detect’ finding) with the lab capable of detecting iron in the three forms above at levels as low as 
0.05, 0.1 and 0.1 mg/L respectively. 


During the drilling of the monitoring/test wells, the cuttings were periodically collected. These 
were then sent to GEC in Macon GA where Jon Spaller, PG classified each of them. 


Sieve analysis was also performed on periodic samples. 


Those results follow this section of the supporting documents and are included in Appendix D- 
Drilling Logs and Sieve Analysis. 


Computer Modeling of Proposed Injection Wells: The design of the injection wells is based 
on gravity flow of the injected water into the formation being motivated by “mounding” of the 
water inside the well casing without the need for a packer or annulus seal about the injection 
zone. Accordingly, in the original UIC application, the injection pressure was listed as zero as 
the casing would not be pressurized above atmospheric pressure; however, since injection 
pressure can also be measured as the internal pressure of the water inside the injection piping at 
the surface, and there is a pressure drop associated with the friction in drop piping and the 
modulating injection valve at the bottom of the drop pipe, the UIC application has been amended 
herein to show an injection pressure of 5 psig to cover these friction loses. 


In order to insure the formation could accept the injected water without mounding of the injected 
water in the casing above the surface elevation of the top of each well, computer modeling was 
utilized as described herein under the Executive Summary, Mechanical Integrity Testing, 
Overview. Specifically, the program MLU, Version 2.25.66 from Microfem was utilized, as 
described previously, to model the operation of the system under extreme conditions to design 
the injection wells conservatively. It was found that under flow durations deliberately set 
significantly beyond the intermittent operation of the real system (1,250 hours of continuous at 
maximum flow), the water at the well mounded between 26.8 ft and 28.7 ft. The plot on the next 
page (Figure 7) reflects the potentiometric contours of the well operating after 1,250 hours where 
the numbers at the “blue” injection wells represent the potentiometric “mounding” in feet out 
beyond the wells for several hundred feet horizontally and the red wells potentiometric lines 
represent the drawdown in feet of the supply wells. 
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GD Baz 1S AQUIFER THERMAL ENERGY STORAGE (ATES) 


Fig. 7: Potentiometric Contours During Injection from Computer Model 
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Item 5: Notarized Statement for Applicable Local Government Regarding Local Land Use 
Plan/Zoning: 


This project is being accomplished on Federal Land by the Federal Government (US Army) and 
therefore does not fall under the jurisdiction on any Local Government or Local Authority. 


Item 6: Detailed Map. 


In the upper right hand corner of drawing # UICO01, that is included with Item 3 (Detailed 
Engineering Drawings), and is specifically found in Appendix B, is a Georgia map showing the 
general location of Ft. Benning. There is also a Key Plan that shows the project site in respect to 
the surrounding roads of Ft. Benning and the Interstate Highway I-185 whose southern terminus 
is at the main gate for Ft. Benning. Furthermore, this drawing shows the location of the four 
proposed wells and Building 3215 that they serve. Below is a Google Earth image of the site. It 
shows the project site in relationship to the Ft. Benning property line, Interstate I-185, the 
Chattahoochee River, Upatoi Creek, and the nearest Ft. Benning potable water wells (6 miles 
away). The topology is generally reasonably flat with rolling hills at Ft. Benning. The next map 
(following page) shows the relief at the site and topographic information (contour lines). 
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Site Map of Non-Contact Groundwater Cooling System 
Serving the Aquifer Thermal Energy Storage (ATES) System 
At Building 3215, Ft. Benning, GA 


Fig. 8: Detailed Map 
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Relief/Contour Map of Non-Contact Groundwater Cooling System 
Serving the Aquifer Thermal Energy Storage (ATES) System 
At Building 3215, Ft. Benning, GA 


Item 7: Corrective Action Plan-Not Applicable 


End of Narrative 
Appendices A- C follow 
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Appendix A 
Water Chemistry Analysis 


Included herein is TestAmerica Laboratories, Inc.’s (Savannah GA) Analytical Report #680- 
105922-1. This firm was contracted by AH&P to analyze the groundwater samples collected on 
3 OCT 2014 from the nested monitoring wells previously installed at the site. These monitoring 
wells consist of one borehole on the eastern side of the site that contains four nested wells and 
one borehole on the western side of the site containing three wells. Althrough the report shows 
four samples (wells) that were tested (“2W”, “2B”, “2C” and “1W”’), wells 2B and 1 W, with 
their screened intervals at 172’-182’ and 147’-187’ below grade (respectively) are above the 
aforementioned confining clay layer and are therefore not relevant to the UIC permit as only 
water beneath the clay layer is being contemplated being used for non-contact ground water 
cooling ATES system. The relevant data come from the other two wells 2W and 2C which have 
their screened intervals at 247’-297’ and 247’-257’ below grade respectively, and are below the 
clay layer. These relevant wells (2W and 2C) are highlighted herein for easy identification on 
pages 8/10/11 of 20 of the following report. 
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THE LEADER IN ENVIRONMENTAL TESTING 


ANALYTICAL REPORT 


TestAmerica Laboratories, Inc. 
TestAmerica Savannah 

5102 LaRoche Avenue 
Savannah, GA 31404 

Tel: (912)354-7858 


TestAmerica Job ID: 680-105922-1 —— 
Client Project/Site: 10/3/14 AHP 
Revision: 1 


For: 

Andrews, Hammock & Powell, Inc 
250 Charter Lane 

Macon, Georgia 31210 


Fa | 


Attn: Stephen Greer 


Authorized for release by: 


4/5/2016 9:01:29 AM 


Jerry Lanier, Project Manager | 
(912)354-7858 e.3410 
jerry.lanier@testamericainc.com 


Review your project 
results through 


TotalAccess 


Have a Question? 


The test results in this report meet all 2003 NELAC and 2009 TNI requirements for accredited 
parameters, exceptions are noted in this report. This report may not be reproduced except in full, 
and with written approval from the laboratory. For questions please contact the Project Manager 
at the e-mail address or telephone number listed on this page. 


Ask 
oe | 
xpert 
~~) 
www.testamericainc.com 


This report has been electronically signed and authorized by the signatory. Electronic signature is 
intended to be the legally binding equivalent of a traditionally handwritten signature. 


Results relate only to the items tested and the sample(s) as received by the laboratory. 


Client: Andrews, Hammock & Powell, Inc TestAmerica Job ID: 680-105922-1 
Project/Site: 10/3/14 AHP Ey 
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Case Narrative 
Client: Andrews, Hammock & Powell, Inc TestAmerica Job ID: 680-105922-1 
Project/Site: 10/3/14 AHP 


Job ID: 680-105922-1 EE 


Laboratory: TestAmerica Savannah 


Narrative 


CASE NARRATIVE 
Client: Andrews, Hammock & Powell, Inc 
Project: 10/3/14 AHP 


Report Number: 680-105922-1 


With the exceptions noted as flags or footnotes, standard analytical protocols were followed in the analysis of the samples and no 
problems were encountered or anomalies observed. In addition all laboratory quality control samples were within established control 
limits, with any exceptions noted below. Each sample was analyzed to achieve the lowest possible reporting limit within the constraints of 
the method. In the event of interference or analytes present at high concentrations, samples may be diluted. For diluted samples, the 
reporting limits are adjusted relative to the dilution required. 


RECEIPT 
The samples were received on 10/03/2014; the samples arrived in good condition, properly preserved and on ice. The temperature of the 
coolers at receipt was 4.2° C and 4.4° C. 


The final report was revised to include additional verbiage in the case narrative. 


TOTAL METALS (ICP) 
Samples 2W (680-105922-1), 2B (680-105922-2), 2C (680-105922-3) and 1W (680-105922-4) were analyzed for total metals (ICP) in 


accordance with EPA Method 200.7. The samples were prepared and analyzed on 10/09/2014. 
No analytical or quality issues were noted, other than those described above or in the Definitions/Glossary page. 


AMMONIA 
Samples 2W (680-105922-1), 2B (680-105922-2) and 2C (680-105922-3) were analyzed for ammonia in accordance with EPA Method 
350.1. The samples were analyzed on 10/15/2014. 


The MS/MSD % recoveries were slightly higher than our upper limit of 110%, which could theoretically result in us reporting 
sample results that could potentially be slightly biased high for ammonia. However, since the result is “non-detect”, any factors 
that may have contributed to a high bias become irrelevant. Slightly high MS/MSD % recoveries while important in understandin: 
the “quality” of the reported data are not applicable in this particular (non-detect) situation. The associated LCS % recovery for 
ammonia was also within control criteria, which is used more to assess method performance. In summary, we do believe the “nc 
detect” value reported herein for ammonium (NH4+) is accurate. 


Refer to the QC report for details. 

No additional analytical or quality issues were noted, other than those described above or in the Definitions/Glossary page. 
FERROUS IRON 

Samples 2W (680-105922-1), 2B (680-105922-2), 2C (680-105922-3) and 1W (680-105922-4) were analyzed for ferrous iron in 
accordance with SM 3500-Fe-D. The samples were analyzed on 10/03/2014. 


This analysis is normally performed in the field and has a method-defined holding time of 15 minutes. This sample(s) was performed in 
the laboratory outside the 15 minute timeframe. 


No analytical or quality issues were noted, other than those described above or in the Definitions/Glossary page. 
FERROUS IRON 
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Client: Andrews, Hammock & Powell, Inc TestAmerica Job ID: 680-105922-1 
Project/Site: 10/3/14 AHP 


Job ID: 680-105922-1 (Continued) EE 
Laboratory: TestAmerica Savannah (Continued) 


Samples 2W (680-105922-1), 2B (680-105922-2), 2C (680-105922-3) and 1W (680-105922-4) were analyzed for ferrous iron in 
accordance with SM 3500 FE D. The samples were analyzed on 10/15/2014. 


This analysis is normally performed in the field and has a method-defined holding time of 15 minutes. This sample(s) was performed in 
the laboratory outside the 15 minute timeframe. 


No analytical or quality issues were noted, other than those described above or in the Definitions/Glossary page. 

DISSOLVED OXYGEN 

Samples 2W (680-105922-1), 2B (680-105922-2), 2C (680-105922-3) and 1W (680-105922-4) were analyzed for Dissolved Oxygen in 
accordance with SM 4500_O_C. The samples were analyzed on 10/03/2014. 

The following sample was received outside of holding time:680-105922-1 

No analytical or quality issues were noted, other than those described above or in the Definitions/Glossary page. 

UNIONIZED AMMONIA 

Samples 2W (680-105922-1), 2B (680-105922-2) and 2C (680-105922-3) were analyzed for unionized ammonia in accordance with FL 
DEP SOP. The samples were analyzed on 10/14/2014. 


No analytical or quality issues were noted, other than those described above or in the Definitions/Glossary page. 
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Client: Andrews, Hammock & Powell, Inc 
Project/Site: 10/3/14 AHP 


Sample Summary 


TestAmerica Job ID: 680-105922-1 


Collected Received 


Lab Sample ID 


680-105922-2 


Client Sample ID Matrix 
2B Water 
Water 


680-105922-4 1W 
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10/03/14 08:30 10/03/14 15:30 


10/03/14 10:15 = 10/03/14 15:30 


TestAmerica Savannah 


4/5/2016 


Client: Andrews, Hammock & Powell, Inc 
Project/Site: 10/3/14 AHP 


Method Summary 


TestAmerica Job ID: 680-105922-1 


Method Method Description Protocol Laboratory 
200.7 Rev 4.4 Metals (ICP) EPA TAL SAV 
350.1 Nitrogen, Ammonia MCAWW TAL SAV 
4500 O C-2011 Dissolved Oxygen; Azide Modification SM TAL SAV 
Calculation Ammonium FL-DEP TAL SAV 
SM 3500 FE D Iron, Ferrous SM TAL SAV 
SM 3500 FE D lron, Ferrous and Ferric SM TAL SAV 


Protocol References: 


EPA = US Environmental Protection Agency 
FL-DEP = State Of Florida Department Of Environmental Protection, Florida Administrative Code. 
MCAWW = "Methods For Chemical Analysis Of Water And Wastes", EPA-600/4-79-020, March 1983 And Subsequent Revisions. 
SM = "Standard Methods For The Examination Of Water And Wastewater", 


Laboratory References: 


TAL SAV = TestAmerica Savannah, 5102 LaRoche Avenue, Savannah, GA 31404, TEL (912)354-7858 
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TestAmerica Savannah 


4/5/2016 


Definitions/Glossary 


Client: Andrews, Hammock & Powell, Inc 
Project/Site: 10/3/14 AHP 


TestAmerica Job ID: 680-105922-1 


Qualifiers 


General Chemistry 


Qualifier Qualifier Description 

H Sample was prepped or analyzed beyond the specified holding time 

HF Field parameter with a holding time of 15 minutes. Test performed by laboratory at client's request. 
F1 MS and/or MSD Recovery exceeds the control limits 

Glossary 

Abbreviation These commonly used abbreviations may or may not be present in this report. 

o Listed under the "D" column to designate that the result is reported on a dry weight basis 
%R Percent Recovery 

CFL Contains Free Liquid 

CNF Contains no Free Liquid 

DER Duplicate error ratio (normalized absolute difference) 

Dil Fac Dilution Factor 

DL, RA, RE, IN Indicates a Dilution, Re-analysis, Re-extraction, or additional Initial metals/anion analysis of the sample 
DLC Decision level concentration 

MDA Minimum detectable activity 

EDL Estimated Detection Limit 

MDC Minimum detectable concentration 

MDL Method Detection Limit 

ML Minimum Level (Dioxin) 

NC Not Calculated 

ND Not detected at the reporting limit (or MDL or EDL if shown) 

PQL Practical Quantitation Limit 

ac Quality Control 

RER Relative error ratio 

RL Reporting Limit or Requested Limit (Radiochemistry) 

RPD Relative Percent Difference, a measure of the relative difference between two points 
TEF Toxicity Equivalent Factor (Dioxin) 

TEQ Toxicity Equivalent Quotient (Dioxin) 
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TestAmerica Savannah 


4/5/2016 


Client: Andrews, Hammock & Powell, Inc 
Project/Site: 10/3/14 AHP 


Detection Summary 


TestAmerica Job ID: 680-105922-1 


Analyte Result Qualifier RL MDL Unit Dil Fac D Method Prep Type 
Calcium 10800 500 ug/L 1 200.7 Rev 4.4 Total/NA 
Potassium 4030 1000 ug/L 1 200.7 Rev 4.4 Total/NA 
Magnesium 1210 500 ug/L 1 200.7 Rev 4.4 Total/NA 
Manganese 98.7 10.0 ug/L 1 200.7 Rev 4.4 Total/NA 
Sodium 13400 1000 ug/L 1 200.7 Rev 4.4 Total/NA 
Analyte Result Qualifier RL RL Unit Dil Fac D Method Prep Type 
Oxygen, Dissolved 1.13 H 0.100 mg/L 1 4500 O C-2011 Total/NA 
pH 5.70 1.00 SU 1 Calculation Total/NA 
Temperature 20.5 1.00 Degrees C 1 Calculation Total/NA 
Client Sample ID: 2B Lab Sample ID: 680-105922-2 
Analyte Result Qualifier RL MDL Unit DilFac D Method Prep Type 
Iron 134 50.0 ug/L 1 200.7 Rev 4.4 Total/NA 
Calcium 20700 500 ug/L 1 200.7 Rev 4.4 Total/NA 
Potassium 7580 1000 ug/L 1 200.7 Rev 4.4 Total/NA 
Magnesium 1780 500 ug/L 1 200.7 Rev 4.4 Total/NA 
Manganese 219 10.0 ug/L 1 200.7 Rev 4.4 Total/NA 
Sodium 23500 1000 ug/L 1 200.7 Rev 4.4 Total/NA 
Analyte Result Qualifier RL RL Unit DilFac D Method Prep Type 
Oxygen, Dissolved 0.640 0.100 mg/L 1 4500 O C-2011 Total/NA 
pH 7.04 1.00 SU 1 Calculation Total/NA 
Temperature 21.2 1.00 Degrees C 1 Calculation Total/NA 
Ferric Iron 0.134 HF 0.100 mg/L 1 SM 3500 FE D Total/NA 
Fe 0.134 HF 0.0500 mg/L 1 SM 3500 FE D Total/NA 
Client Sample ID: 2C Lab Sample ID: 680-105922-3 
Analyte Result Qualifier RL MDL Unit DilFac D Method Prep Type 
Calcium 11300 500 ug/L 1 200.7 Rev 4.4 Total/NA 
Potassium 4120 1000 ug/L 1 200.7 Rev 4.4 Total/NA 
Magnesium 1220 500 ug/L 1 200.7 Rev 4.4 Total/NA 
Manganese 104 10.0 ug/L 1 200.7 Rev 4.4 Total/NA 
Sodium 13600 1000 ug/L 1 200.7 Rev 4.4 Total/NA 
Analyte Result Qualifier RL RL Unit DilFac D Method Prep Type 
Oxygen, Dissolved 0.590 0.100 mg/L 1 4500 O C-2011 Total/NA 
pH 5.75 1.00 SU 1 Calculation Total/NA 
Temperature 21.2 1.00 Degrees C 1 Calculation Total/NA 
Client Sample ID: 1W Lab Sample ID: 680-105922-4 

Analyte Result Qualifier RL MDL Unit DilFac D Method Prep Type 
Iron 699 50.0 ug/L 1 200.7 Rev 4.4 Total/NA 
Calcium 24100 500 ug/L 1 200.7 Rev 4.4 Total/NA 
Potassium 7600 1000 ug/L 1 200.7 Rev 4.4 Total/NA 
Magnesium 2550 500 ug/L 1 200.7 Rev 4.4 Total/NA 
Manganese 270 10.0 ug/L 1 200.7 Rev 4.4 Total/NA 
Sodium 25600 1000 ug/L 1 200.7 Rev 4.4 Total/NA 
Ferrous Iron 0.203 HF 0.100 mg/L 1 SM 3500 FE D Total/NA 


This Detection Summary does not include radiochemical test results. 
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TestAmerica Savannah 


4/5/2016 


Detection Summary 


Client: Andrews, Hammock & Powell, Inc 
Project/Site: 10/3/14 AHP 


TestAmerica Job ID: 680-105922-1 


Client Sample ID: 1W (Continued) 


Lab Sample ID: 680-105922-4 


Analyte Result Qualifier RL RL Unit DilFac D Method Prep Type 
Oxygen, Dissolved 2.25 0.100 mg/L 1 4500 O C-2011 Total/NA 
Ferric Iron 0.496 HF 0.100 mg/L 1 SM 3500 FE D Total/NA 
Fe 0.699 HF 0.0500 mg/L 1 SM 3500 FE D Total/NA 
Ferrous Iron 0.203 HF 0.100 mg/L 1 SM 3500 FE D Total/NA 


This Detection Summary does not include radiochemical test results. 
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TestAmerica Savannah 


4/5/2016 


Client Sample Results 
Client: Andrews, Hammock & Powell, Inc TestAmerica Job ID: 680-105922-1 
Project/Site: 10/3/14 AHP 


Client Sample ID: 2W- Lab Sample ID: 680-105922-1 


Date Collected: 10/03/14 06:55 Matrix: Water 
Date Received: 10/03/14 15:30 


Method: 200.7 Rev 4.4 - Metals (ICP) 


Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac 
Iron <50.0 50.0 ug/L 10/09/14 15:01 10/09/14 19:55 1 
Calcium 10800 500 ug/L 10/09/14 15:01 10/09/14 19:55 1 
Potassium 4030 1000 ug/L 10/09/14 15:01 10/09/14 19:55 1 
Magnesium 1210 500 ug/L 10/09/14 15:01 10/09/14 19:55 1 
Manganese 98.7 10.0 ug/L 10/09/14 15:01 10/09/14 19:55 1 
Sodium 13400 1000 ug/L 10/09/14 15:01 10/09/14 19:55 1 


General Chemistry 


Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac 
Ammonia <0.0500 0.0500 mg/L 10/15/14 14:42 1 
Ferrous Iron <0.100 HF 0.100 mg/L 10/03/14 16:11 1 
Analyte Result Qualifier RL RL Unit D Prepared Analyzed Dil Fac 
Oxygen, Dissolved 1.13 H 0.100 mg/L 10/03/14 15:50 1 
Ammonia <0.0500 0.0500 mg/L 10/14/14 13:35 1 
Ammonium ion <0.0500 0.0500 mg/L 10/14/14 13:35 1 
pH 5.70 1.00 SU 10/14/14 13:35 1 
Temperature 20.5 1.00 Degrees C 10/14/14 13:35 1 
Unionized Ammonia <0.0000170 0.0000170 mg/L 10/14/14 13:35 1 
Ferric Iron <0.100 HF 0.100 mg/L 10/15/14 15:55 1 
Fe <0.0500 HF 0.0500 mg/L 10/15/14 15:55 1 
Ferrous Iron <0.100 HF 0.100 mg/L 10/15/14 15:55 1 
Client Sample ID: 2B Lab Sample ID: 680-105922-2 
Date Collected: 10/03/14 08:30 Matrix: Water 


Date Received: 10/03/14 15:30 


Method: 200.7 Rev 4.4 - Metals (ICP) 


Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac 
lron 134 50.0 ug/L 10/09/14 15:01 10/09/14 19:59 1 
Calcium 20700 500 ug/L 10/09/14 15:01 10/09/14 19:59 1 
Potassium 7580 1000 ug/L 10/09/14 15:01 10/09/14 19:59 1 
Magnesium 1780 500 ug/L 10/09/14 15:01 10/09/14 19:59 1 
Manganese 219 10.0 ug/L 10/09/14 15:01 10/09/14 19:59 1 
Sodium 23500 1000 ug/L 10/09/14 15:01 10/09/14 19:59 1 


General Chemistry 


Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac 
Ammonia <0.0500 0.0500 mg/L 10/15/14 14:42 1 
Ferrous Iron <0.100 HF 0.100 mg/L 10/03/14 16:11 1 
Analyte Result Qualifier RL RL Unit D Prepared Analyzed Dil Fac 
Oxygen, Dissolved 0.640 0.100 mg/L 10/03/14 15:50 1 
Ammonia <0.0500 0.0500 mg/L 10/14/14 13:35 1 
Ammonium ion <0.0500 0.0500 mg/L 10/14/14 13:35 1 
pH 7.04 1.00 SU 10/14/14 13:35 1 
Temperature 21.2 1.00 Degrees C 10/14/14 13:35 1 
Unionized Ammonia <0.0000170 0.0000170 mg/L 10/14/14 13:35 1 
Ferric Iron 0.134 HF 0.100 mg/L 10/15/14 15:55 1 
Fe 0.134 HF 0.0500 mg/L 10/15/14 15:55 1 
Ferrous Iron <0.100 HF 0.100 mg/L 10/15/14 15:55 1 
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Client: Andrews, Hammock & Powell, Inc 


Project/Site: 10/3/14 AHP 


Client Sample Results 


TestAmerica Job ID: 680-105922-1 


Date Collected: 10/03/14 09:30 


Lab Sample ID: 680-105922-3 
Matrix: Water 


Date Received: 10/03/14 15:30 


Method: 200.7 Rev 4.4 - Metals (ICP) 


Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac 
Iron <50.0 50.0 ug/L 10/09/14 15:01 10/09/14 20:12 1 
Calcium 11300 500 ug/L 10/09/14 15:01 10/09/14 20:12 1 
Potassium 4120 1000 ug/L 10/09/14 15:01 10/09/14 20:12 1 
Magnesium 1220 500 ug/L 10/09/14 15:01 10/09/14 20:12 1 
Manganese 104 10.0 ug/L 10/09/14 15:01 10/09/14 20:12 1 
Sodium 13600 1000 ug/L 10/09/14 15:01 10/09/14 20:12 1 
General Chemistry 
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac 
Ammonia <0.0500 0.0500 mg/L 10/15/14 14:50 1 
Ferrous Iron <0.100 HF 0.100 mg/L 10/03/14 16:11 1 
Analyte Result Qualifier RL RL Unit D Prepared Analyzed Dil Fac 
Oxygen, Dissolved 0.590 0.100 mg/L 10/03/14 15:50 1 
Ammonia <0.0500 0.0500 mg/L 10/14/14 13:35 1 
Ammonium ion <0.0500 0.0500 mg/L 10/14/14 13:35 1 
pH 5.75 1.00 SU 10/14/14 13:35 1 
Temperature 21.2 1.00 Degrees C 10/14/14 13:35 1 
Unionized Ammonia <0.0000170 0.0000170 mg/L 10/14/14 13:35 1 
Ferric Iron <0.100 HF 0.100 mg/L 10/15/14 15:55 1 
Fe <0.0500 HF 0.0500 mg/L 10/15/14 15:55 1 
Ferrous Iron <0.100 HF 0.100 mg/L 10/15/14 15:55 1 
Client Sample ID: 1W Lab Sample ID: 680-105922-4 
Date Collected: 10/03/14 10:15 Matrix: Water 
Date Received: 10/03/14 15:30 
Method: 200.7 Rev 4.4 - Metals (ICP) 
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac 
lron 699 50.0 ug/L 10/09/14 15:01 10/09/14 20:16 1 
Calcium 24100 500 ug/L 10/09/14 15:01 10/09/14 20:16 1 
Potassium 7600 1000 ug/L 10/09/14 15:01 10/09/14 20:16 1 
Magnesium 2550 500 ug/L 10/09/14 15:01 10/09/14 20:16 1 
Manganese 270 10.0 ug/L 10/09/14 15:01 10/09/14 20:16 1 
Sodium 25600 1000 ug/L 10/09/14 15:01 10/09/14 20:16 1 
General Chemistry 
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac 
Ferrous Iron 0.203 HF 0.100 mg/L 10/03/14 16:11 1 
Analyte Result Qualifier RL RL Unit D Prepared Analyzed Dil Fac 
Oxygen, Dissolved 2.25 0.100 mg/L 10/03/14 15:50 1 
Ferric Iron 0.496 HF 0.100 mg/L 10/15/14 15:55 1 
Fe 0.699 HF 0.0500 mg/L 10/15/14 15:55 1 
Ferrous Iron 0.203 HF 0.100 mg/L 10/15/14 15:55 1 
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TestAmerica Savannah 


4/5/2016 


Client: Andrews, Hammock & Powell, Inc 
Project/Site: 10/3/14 AHP 


QC Sample Results 


TestAmerica Job ID: 680-105922-1 


Method: 200.7 Rev 4.4 - Metals (ICP) 


Lab Sample ID: MB 680-352858/1-A 
Matrix: Water 
Analysis Batch: 352949 


Client Sample ID: Method Blank 
Prep Type: Total/NA 
Prep Batch: 352858 


MB MB 
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac 
Iron <50.0 50.0 ug/L 10/09/14 15:01 10/09/14 19:21 1 
Calcium <500 500 ug/L 10/09/14 15:01 10/09/14 19:21 1 
Potassium <1000 1000 ug/L 10/09/14 15:01 10/09/14 19:21 1 
Magnesium <500 500 ug/L 10/09/14 15:01 10/09/14 19:21 1 
Manganese <10.0 10.0 ug/L 10/09/14 15:01 10/09/14 19:21 1 
Sodium <1000 1000 ug/L 10/09/14 15:01 10/09/14 19:21 1 
Lab Sample ID: LCS 680-352858/4-A Client Sample ID: Lab Control Sample 
Matrix: Water Prep Type: Total/NA 
Analysis Batch: 352949 Prep Batch: 352858 
Spike LCS LCS %Rec. 
Analyte Added Result Qualifier Unit D %Rec Limits 
Iron 5000 4968 ug/L 99 85-115 
Calcium 5000 5026 ug/L 101 85-115 
Potassium 10000 10320 ug/L 103 85-115 
Magnesium 5000 4916 ug/L 98 85-115 
Manganese 5000 5094 ug/L 102 85-115 
Sodium 7500 7745 ug/L 103 85-115 
Method: 350.1 - Nitrogen, Ammonia 
Lab Sample ID: MB 680-353779/21 Client Sample ID: Method Blank 
Matrix: Water Prep Type: Total/NA 
Analysis Batch: 353779 
MB MB 
Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac 
Ammonia <0.0500 0.0500 mg/L 10/15/14 15:43 4 
Lab Sample ID: LCS 680-353779/1 Client Sample ID: Lab Control Sample 
Matrix: Water Prep Type: Total/NA 
Analysis Batch: 353779 
Spike LCS LCS %Rec. 

Analyte Added Result Qualifier Unit D %Rec Limits 
Ammonia 1.00 1.045 mg/L 104 90 - 110 
Lab Sample ID: 680-105922-1 MS Client Sample ID: 2W 
Matrix: Water Prep Type: Total/NA 
Analysis Batch: 353779 

Sample Sample Spike MS MS %Rec. 
Analyte Result Qualifier Added Result Qualifier Unit D %Rec Limits 
Ammonia <0.0500 1.00 1.160 F1 mg/L 116 90 - 110 
Lab Sample ID: 680-105922-1 MSD Client Sample ID: 2W 
Matrix: Water Prep Type: Total/NA 
Analysis Batch: 353779 

Sample Sample Spike MSD MSD %Rec. RPD 
Analyte Result Qualifier Added Result Qualifier Unit D %Rec Limits RPD Limit 
Ammonia <0.0500 1.00 1.158 F1 mg/L 116 90 - 110 0 30 
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TestAmerica Savannah 


4/5/2016 


QC Sample Results 
Client: Andrews, Hammock & Powell, Inc TestAmerica Job ID: 680-105922-1 
Project/Site: 10/3/14 AHP 


Method: 4500 O C-2011 - Dissolved Oxygen; Azide Modification 


Lab Sample ID: 680-105922-1 DU Client Sample ID: 2W 
Matrix: Water Prep Type: Total/NA 
Analysis Batch: 351990 

Sample Sample DU DU RPD 
Analyte Result Qualifier Result Qualifier Unit D RPD Limit 
Oxygen, Dissolved 1.13 H 1.160 mg/L 3 20 


Method: SM 3500 FE D - Iron, Ferrous 


Lab Sample ID: MB 680-351996/2 Client Sample ID: Method Blank 
Matrix: Water Prep Type: Total/NA 
Analysis Batch: 351996 BE 
MB MB 

Analyte Result Qualifier RL MDL Unit D Prepared Analyzed Dil Fac 
Ferrous Iron <0.100 0.100 mg/L 10/03/14 14:45 A 
Lab Sample ID: LCS 680-351996/1 Client Sample ID: Lab Control Sample 
Matrix: Water Prep Type: Total/NA 
Analysis Batch: 351996 

Spike LCS LCS %Rec. 
Analyte Added Result Qualifier Unit D %Rec Limits 
Ferrous Iron 2.00 1.987 mg/L 99 80 - 120 
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Client: Andrews, Hammock & Powell, Inc 
Project/Site: 10/3/14 AHP 


QC Association Summary 


TestAmerica Job ID: 680-105922-1 


Metals 


Prep Batch: 352858 


Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch 
680-105922-1 2wW Total/NA Water 200 
680-105922-2 2B Total/NA Water 200 
680-105922-3 2C Total/NA Water 200 
680-105922-4 1W Total/NA Water 200 
LCS 680-352858/4-A Lab Control Sample Total/NA Water 200 
MB 680-352858/1-A Method Blank Total/NA Water 200 
Analysis Batch: 352949 
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch 
680-105922-1 2W Total/NA Water 200.7 Rev 4.4 352858 
680-105922-2 2B Total/NA Water 200.7 Rev 4.4 352858 
680-105922-3 2C Total/NA Water 200.7 Rev 4.4 352858 
680-105922-4 1W Total/NA Water 200.7 Rev 4.4 352858 
LCS 680-352858/4-A Lab Control Sample Total/NA Water 200.7 Rev 4.4 352858 
MB 680-352858/1-A Method Blank Total/NA Water 200.7 Rev 4.4 352858 
General Chemistry 
Analysis Batch: 351990 
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch 
680-105922-1 2wW Total/NA Water 4500 O C-2011 
680-105922-1 DU 2wW Total/NA Water 4500 O C-2011 
680-105922-2 2B Total/NA Water 4500 O C-2011 
680-105922-3 2C Total/NA Water 4500 O C-2011 
680-105922-4 1W Total/NA Water 4500 O C-2011 
Analysis Batch: 351996 
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch 
680-105922-1 2wW Total/NA Water SM 3500 FE D 
680-105922-2 2B Total/NA Water SM 3500 FE D 
680-105922-3 2C Total/NA Water SM 3500 FE D 
680-105922-4 1W Total/NA Water SM 3500 FE D 
LCS 680-351996/1 Lab Control Sample Total/NA Water SM 3500 FE D 
MB 680-351996/2 Method Blank Total/NA Water SM 3500 FE D 
Analysis Batch: 353520 
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch 
680-105922-1 2wW Total/NA Water Calculation 
680-105922-2 2B Total/NA Water Calculation 
680-105922-3 2C Total/NA Water Calculation 
Analysis Batch: 353779 
Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch 
680-105922-1 2w Total/NA Water 350.1 
680-105922-1 MS 2w Total/NA Water 350.1 
680-105922-1 MSD 2W Total/NA Water 350.1 
680-105922-2 2B Total/NA Water 350.1 
680-105922-3 2C Total/NA Water 350.1 
LCS 680-353779/1 Lab Control Sample Total/NA Water 350.1 
MB 680-353779/21 Method Blank Total/NA Water 350.1 
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TestAmerica Savannah 


4/5/2016 


QC Association Summary 
Client: Andrews, Hammock & Powell, Inc TestAmerica Job ID: 680-105922-1 
Project/Site: 10/3/14 AHP 


General Chemistry (Continued) 


Analysis Batch: 353784 


Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch 
680-105922-1 2W Total/NA Water SM 3500 FE D 
680-105922-2 2B Total/NA Water SM 3500 FE D 
680-105922-3 2C Total/NA Water SM 3500 FE D 
680-105922-4 1W Total/NA Water SM 3500 FE D 


TestAmerica Savannah 
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Lab Chronicle 
Client: Andrews, Hammock & Powell, Inc TestAmerica Job ID: 680-105922-1 
Project/Site: 10/3/14 AHP 


Client Sample ID: 2W Lab Sample ID: 680-105922-1 
Date Collected: 10/03/14 06:55 Matrix: Water 
Date Received: 10/03/14 15:30 
Batch Batch Dil Initial Final Batch Prepared 
Prep Type Type Method Run Factor Amount Amount Number or Analyzed Analyst Lab 
Total/NA Prep 200 50 mL 50 mL 352858 10/09/14 15:01 BJB TAL SAV 
Total/NA Analysis 200.7 Rev 4.4 1 50 mL 50 mL 352949 10/09/14 19:55 BCB TAL SAV 


Instrument ID: ICPE 

Total/NA Analysis 350.1 1 2mL 2mL 353779 10/15/14 14:42 JME TAL SAV 
Instrument ID: KONELAB1 

Total/NA Analysis 4500 O C-2011 1 200 mL 200 mL 351990 10/03/14 15:50 OLB TAL SAV 
Instrument ID: NOEQUIP 

Total/NA Analysis Calculation 1 353520 10/14/14 13:35 JER TAL SAV 
Instrument ID: NOEQUIP 

Total/NA Analysis SM 3500 FE D 1 2mL 2mL 351996 10/03/14 16:11 GRX TAL SAV 
Instrument ID: KONELAB2 


Total/NA Analysis SM 3500 FE D 1 353784 10/15/14 15:55 JER TAL SAV 
Instrument ID: NOEQUIP 


Client Sample ID: 2B Lab Sample ID: 680-105922-2 
Date Collected: 10/03/14 08:30 Matrix: Water 
Date Received: 10/03/14 15:30 
Batch Batch Dil Initial Final Batch Prepared 
Prep Type Type Method Run Factor Amount Amount Number or Analyzed Analyst Lab 
Total/NA Prep 200 50 mL 50 mL 352858 10/09/14 15:01 BJB TAL SAV 
Total/NA Analysis 200.7 Rev 4.4 1 50 mL 50 mL 352949 10/09/14 19:59 BCB TAL SAV 


Instrument ID: ICPE 

Total/NA Analysis 350.1 1 2mL 2mL 353779 10/15/14 14:42 JME TAL SAV 
Instrument ID: KONELAB1 

Total/NA Analysis 4500 O C-2011 1 200 mL 200 mL 351990 10/03/14 15:50 OLB TAL SAV 
Instrument ID: NOEQUIP 

Total/NA Analysis Calculation 1 353520 10/14/14 13:35 JER TAL SAV 
Instrument ID: NOEQUIP 

Total/NA Analysis SM 3500 FE D 1 2mL 2mL 351996 10/03/14 16:11 GRX TAL SAV 
Instrument ID: KONELAB2 

Total/NA Analysis SM 3500 FE D 1 353784 10/15/14 15:55 JER TAL SAV 
Instrument ID: NOEQUIP 


Client Sample ID: 2C Lab Sample ID: 680-105922-3 
Date Collected: 10/03/14 09:30 Matrix: Water 
Date Received: 10/03/14 15:30 
Batch Batch Dil Initial Final Batch Prepared 
Prep Type Type Method Run Factor Amount Amount Number or Analyzed Analyst Lab 
Total/NA Prep 200 50 mL 50 mL 352858 10/09/14 15:01 BJB TAL SAV 
Total/NA Analysis 200.7 Rev 4.4 1 50 mL 50 mL 352949 10/09/14 20:12 BCB TAL SAV 


Instrument ID: ICPE 


Total/NA Analysis 350.1 1 2mL 2mL 353779 10/15/14 14:50 JME TAL SAV 
Instrument ID: KONELAB1 
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Lab Chronicle 
Client: Andrews, Hammock & Powell, Inc TestAmerica Job ID: 680-105922-1 
Project/Site: 10/3/14 AHP 


Client Sample ID: 2C Lab Sample ID: 680-105922-3 
Date Collected: 10/03/14 09:30 Matrix: Water 
Date Received: 10/03/14 15:30 
Batch Batch Dil Initial Final Batch Prepared 
Prep Type Type Method Run Factor Amount Amount Number or Analyzed Analyst Lab 
Total/NA Analysis 4500 O C-2011 | 200 mL 200 mL 351990 10/03/14 15:50 OLB TAL SAV 


Instrument ID: NOEQUIP 


Total/NA Analysis Calculation 1 353520 10/14/14 13:35 JER TAL SAV 
Instrument ID: NOEQUIP 


Total/NA Analysis SM 3500 FE D 1 2mL 2mL 351996 10/03/14 16:11 GRX TAL SAV 
Instrument ID: KONELAB2 


Total/NA Analysis SM 3500 FE D 1 353784 10/15/14 15:55 JER TAL SAV 
Instrument ID: NOEQUIP 


Client Sample ID: 1W Lab Sample ID: 680-105922-4 
Date Collected: 10/03/14 10:15 Matrix: Water 
Date Received: 10/03/14 15:30 


Batch Batch Dil Initial Final Batch Prepared 
Prep Type Type Method Run Factor Amount Amount Number or Analyzed Analyst Lab 
Total/NA Prep 200 50 mL 50 mL 352858 10/09/14 15:01 BJB TAL SAV 
Total/NA Analysis 200.7 Rev 4.4 1 50 mL 50 mL 352949 10/09/14 20:16 BCB TAL SAV 


Instrument ID: ICPE 


Total/NA Analysis 4500 O C-2011 1 200 mL 200 mL 351990 10/03/14 15:50 OLB TAL SAV 
Instrument ID: NOEQUIP 


Total/NA Analysis SM 3500 FE D 1 2mL 2mL 351996 10/03/14 16:11 GRX TAL SAV 
Instrument ID: KONELAB2 


Total/NA Analysis SM 3500 FE D 1 353784 10/15/14 15:55 JER TAL SAV 
Instrument ID: NOEQUIP 


Laboratory References: 
TAL SAV = TestAmerica Savannah, 5102 LaRoche Avenue, Savannah, GA 31404, TEL (912)354-7858 
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Login Sample Receipt Checklist 


Client: Andrews, Hammock & Powell, Inc 


Login Number: 105922 
List Number: 1 
Creator: Conner, Keaton 


Job Number: 680-105922-1 


List Source: TestAmerica Savannah 


Question Answer Comment 
Radioactivity wasn't checked or is </= background as measured by a N/A 
survey meter. 

The cooler's custody seal, if present, is intact. True 
Sample custody seals, if present, are intact. True 
The cooler or samples do not appear to have been compromised or True 
tampered with. 

Samples were received on ice. True 
Cooler Temperature is acceptable. True 
Cooler Temperature is recorded. True 
COC is present. True 
COC is filled out in ink and legible. True 
COC is filled out with all pertinent information. True 
Is the Field Sampler's name present on COC? N/A 
There are no discrepancies between the containers received and the COC. True NO AMMONIA -4 PER COC 
Samples are received within Holding Time. True 
Sample containers have legible labels. True 
Containers are not broken or leaking. True 
Sample collection date/times are provided. True 
Appropriate sample containers are used. True 
Sample bottles are completely filled. True 
Sample Preservation Verified. True 
There is sufficient vol. for all requested analyses, incl. any requested True 
MS/MSDs 

Containers requiring zero headspace have no headspace or bubble is N/A 
<6mm (1/4"). 

Multiphasic samples are not present. True 
Samples do not require splitting or compositing. True 
Residual Chlorine Checked. N/A 


TestAmerica Savannah 
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Client: Andrews, Hammock & Powell, Inc 
Project/Site: 10/3/14 AHP 


Certification Summary 


TestAmerica Job ID: 680-105922-1 


Laboratory: TestAmerica Savannah 
The certifications listed below are applicable to this report. 


Authority Program 


EPA Region 


Certification ID 


Expiration Date 


Georgia State Program 


4 
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803 


06-30-15 


TestAmerica Savannah 
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UIC Application Documents: Non-Contact Cooling Water System-B3215, Ft. Benning 


Appendix B 


Detailed Diagrams/ Engineering 
Layout (Drawings) of the System 


Andrews, Hammock and Powell, Inc. Page 46 


NOTES: cis SHEET ONLY) 


@) EXISTING MONITORING WELL LOCATION. 
@) EXISTING STEAM AND CHILLED WATER VALVE PIT. 


() CENTERLINE SPACING OF ATES PIPING FROM THIS POINT SOUTHWARD IS SHOWN NEAR "TO SCALE"; HOWEVER, ONLY A MINIMUM OF 4" OF 
CLEARANCE BETWEEN EACH PIPE IS REQUIRED. 


() CENTERLINE SPACING OF ATES PIPING FROM THIS POINT SOUTHWARD IS SHOWN LARGER THAN SCALE FOR CLARITY PURPOSES. ONLY A 
MINIMUM OF 4" OF CLEARANCE BETWEEN EACH PIPE IS REQUIRED FOR ANY OF THE PIPING ROUTED IN THE TRENCHES. 


(6) AIR-COOLED DRY COOLER. 

(6) EXISTING UNDERGROUND STEAM PIPING TO REMAIN AT THIS APPROXIMATE LOCATION. 

(7) EXISTING UNDERGROUND DOMESTIC WATER PIPING TO REMAIN AT THIS APPROXIMATE LOCATION. 
(8)) EXISTING ELECTRICAL TO REMAIN AT THIS APPROXIMATE LOCATION. 


() EXISTING UNDERGROUND SANITARY SEWER PIPING TO REMAIN AT THIS APPROXIMATE LOCATION. 


(10) EXISTING UNDERGROUND STORM SEWER PIPING TO REMAIN AT THIS APPROXIMATE LOCATION. 


(it) PIPING INSTALLATION MAY CONFLICT WITH THE EXISTING UNDERGROUND UTILITY AT THIS APPROXIMATE LOCATION AT THEIR "CROSSING 
POINT". ACCORDINGLY, CONTRACTOR SHALL OFFSET THE NEW ATES GEOTHERMAL PIPING IF REQUIRED TO AVOID THIS CONFLICT. 


(12) AQUIFER THERMAL ENERGY STORAGE (ATES) COLD WELL. SEE ATES WELL DETAILS. 
(13) AQUIFER THERMAL ENERGY STORAGE (ATES) WARM WELL. SEE ATES WELL DETAILS. 
PIPING SUB-MAINS ARE ROUTED A MINIMUM OF 3' BELOW GRADE. 


(15) APPROXIMATE CENTERLINE OF EXISTING CREEK BED/STORM SEWER DRAINAGE DITCH. 


MAINTAIN A MINIMUM OF 10' FROM ALL SEWER LINES. 


ATES WARM WELL #1 


EXISTING BOREHOLE #2 
MONITORING WELL 


SEE LARGE SCALE a 
DRY COOLER SITE PLAN 
ON SHEET M002 


(FATES COLD WELL #1 
BUILDING 3215 APPROX. 
GPS COORDINATES 


LAT 32.409783 
LON -84.902328 


ATES COLD WELL #2 
yA 
(al 
ga ATESC CR, 


¢~— ATESW 


ON, 


SEE LARGE SCALE 
MECHANICAL ROOM 
DRAWING ON SHEET 


11th AIRBORNE DIV. RD. 
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SCALE: 
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FT. BENNING, GA 
(SEE KEY PLAN) 
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: 185] 
bass 


Anderson 


Gainesville 


Macon 


Do 


Warner Robins. 


NONE 


4p MAP LOCATION 
SCALE: —————___ 


EXISTING BOREHOLE #1 
MONITORING WELL 


ATESW ————— 3" 


ATES WARM WELL #2 


KEY PLAN 


SCALE: ——— NONE 
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NON-CONTACT COOLING WATER 
AQUIFER THERMAL ENERGY 
STORAGE (ATES) SYSTEM 


REVISIONS 
| NO. | DATE | DESCRIPTION 


DATE: March 21, 2016 


PROJECT 
NUMBER: 2011184 
[DRAWNBY: SES. 

TITLE: 

B3215 AQUIFER THERMAL 
ENERGY STORAGE (ATES) 
HVAC RENOVATION SITE 
LAYOUT 


SHEET NUMBER: 


UICO0' 
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3" ATESW) 


3" ATESC => 


| 
: (13) (TYP) 
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OUTSIDE DDC 
CONTROL PANEL 


| 
l 
Poe © 


NON-CONTACT COOLING WATER 
AQUIFER THERMAL ENERGY 
STORAGE (ATES) SYSTEM 

. BUILDING 3215 
Pont BenQ —— yoyo COT ia 


REVISIONS 


NOTES: ctuis SHEET ONLY) 


@) EXISTING UNDERGROUND STEAM PIPING TO REMAIN AT THIS APPROXIMATE LOCATION. 


@) EXISTING UNDERGROUND DOMESTIC WATER PIPING PENETRATES FLOOR SLAB AT THIS APPROXIMATE LOCATION AND ENTERS MECHANICAL ROOM. SEE SHEET M201 
ae ne LARGE SCALE SITE PLAN AT MECHANICAL ROOM 


EDGE OF EXISTING SIDEWALK. 
. SCALE: Sx om @é.q$jqx cr o_o .q“_<ouuoe_eii<w<cr %"=1'-0" 
@) PIPING SUB-MAINS ARE ROUTED A MINIMUM OF 3' BELOW GRADE. 


ISSUED FOR GA. EPD UIC REVIEW 
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eCrod 


(5) PIPING CROSSES OVERIUNDER EXISTING PIPE AT THIS APPROXIMATE LOCATION. 9! 1’ 0’ 9 4? B 
(6) DRY COOLER PIPING PENETRATES FLOOR SLAB AT THIS APPROXIMATE LOCATION AND ENTERS MECHANICAL ROOM. | 

Cc. 1 ” = saan ” 
(7) ATES PIPING PENETRATES FLOOR SLAB AT THIS APPROXIMATE LOCATION AND ENTERS MECHANICAL ROOM. oa 2 lea DATE: March 21. 2016 
(8) PRECAST POLYMER CONCRETE ENCLOSURE WITH WATERTIGHT LID. PROJECT Ahan 
(@) EXISTING NATURAL GAS (NG) METER SET. eS SES 
(10) STEEL BOLLARD. CHECKED BY: CWH 

TITLE: 

(it) EXISTING MECHANICAL ROOM EXTERIOR CONCRETE PAD. LARGE SCALE SITE PLAN AT 


(12) EXTERIOR DDC CONTROL PANEL MECHANICAL ROOM 


(13) PROVIDE PIPE SLEEVE IN OPENING TO ALLOW FOR INSTALLATION OF PIPE EXIT/ENTRANCE. 


(14) SEE SHEET UIC001 FOR PIPE CONTINUATION. SHEET NUMBER: 


UICO02 


(15) PIPING INSTALLED UNDER THIS CONTRACT CONNECT TO THE BUILDING'S INTERCONNECTING PIPING AT THIS APPROXIMATE LOCATION. 
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NOTES: ctois SHEET ONLY) 


C1) CONCRETE PAD. 


AQUIFER THERMAL ENERGY 
STORAGE (ATES) SYSTEM 


Q) NSF APPROVED PP-RCT DRY COOLER LOOP PIPING TO DRY COOLER. 


G) NSF APPROVED PP-RCT WSHP LOOP WATER PIPING TO HVAC EQUIPMENT. ATES LO O Pp SYSTE M WATE R P| Pp | N G S e H E MATI C 


@) HVAC LOOP TO ATES LOOP TYPE 304 STAINLESS STEEL PLATE AND FRAME HEAT EXCHANGER. GROUND WATER IS ON THE ATES SIDE AND POTABLE WATER IS ON THE HVAC SIDE. 


NON-CONTACT COOLING WATER 


G) DRY COOLER TO ATES LOOP TYPE 304 STAINLESS STEEL PLATE AND FRAME HEAT EXCHANGER. GROUND WATER IS ON THE ATES SIDE AND POTABLE WATER IS ON THE DRY COOLER SIDE. oe ae 

©) NSF APPROVED PP-RCT ATES LOOP WATER PIPING FROM MECHANICAL ROOM TO ATES WELLS. SEE SHEET UIC001 FOR PIPE CONTINUATION. 

@ MECHANICAL ROOM EXTERIOR WALL. 

(8) NSF APPROVED PP-RCT ATES LOOP PIPING THRU MECHANICAL ROOM FLOOR. 

@) LOCATION OF ELECTROMAGNETIC FLOW SENSOR. 

(10) PIPE SLEEVE THRU FLOOR. 

(it) TEE WITH BUTTERFLY VALVE TERMINATED WITH BLIND FLANGE. (4) 


(12) 3-WAY CONTROL VALVE. FLOW DIRECTION IN HEATING MODE 
(13) PRESSURE GAUGE, STRAINER, P&T PORT, THERMOMETER WELL, TEMPERATURE SENSOR, PRESSURE GAUGE, PRESSURE DIFFERENTIAL TRANSMITTER, BALL VALVE AND REDUCER. 


FLOW DIRECTION IN HEATING MODE 


dSaly —— .€ 
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MO14 
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TIER 15 48" X 48" X 48" DEEP PRECAST POLYMER CONCRETE ENCLOSURE WITH WATERTIGHT LID RATED FOR 15,000 LBS VERTICAL DESIGN LOAD EQUIPPED WITH HEX HEAD BOLTS. COVER BOTTOM OF FLOW DIRECTION IN COOLING MODE 
ENCLOSURE WITH HEAVY DUTY LANDSCAPE FABRIC AND FILL BOTTOM OF ENCLOSURE WITH 6" OF PEA GRAVEL.. 


FLOW DIRECTION IN COOLING MODE 


(15) P&T PORT, THERMOMETER WELL, TEMPERATURE SENSOR, PRESSURE GAUGE, CHECK VALVE, PRESSURE DIFFERENTIAL TRANSMITTER, BALL VALVE AND REDUCER. 


(16) CHECK VALVE. 


ATESW — ——> —— 
ATESC —4 ———_—- s§- —— 


(17) SOLENOID VALVE. 


(18) PIPING INSTALLED UNDER THIS CONTRACT CONNECT TO THE BUILDING'S INTERCONNECTING PIPING AT THIS APPROXIMATE LOCATION. 


—— 
io) 

Zz 

TO HVAC UNITS TO DRY COOLER Oo 
” 

S 

i 

i — ao 

HVAC LOOP HX DRY COOLER LOOP HX 
(POTABLE WATER) (POTABLE WATER) 


z 
Oo 
— 
oo 
ac 
oO 
a 
nm 
a 
Lu 
f— 
(an) 
Zz 


OPERATING MODE 


6 | COOLI (EMERGENCY MODE #2; HEAT REJECTION BY DRY COOLER) 
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re NG MODE (BYPASS HX-2 ONLY) 
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ATES LOOP SYSTEM WATER 
PIPING SCHEMATIC 


NG MODE (BYPASS HX-1 ONLY) 


NG MODE (BYPASS BOTH HXxs) 
SHEET NUMBER: 
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NG MODE (EMERGENCY MODE #1; ATES WATER TO DRAIN) 


NG MODE 
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Sub-surface Report 
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2011184-ESTCP-Fort Benning 


Borehole #1 
Depth Description Remarks 
10 Gray, brown, and red fine sandy CLAY 
20 Light brown medium to fine sandy CLAY 
30 = Light brown mediuin to fine sandy CLAY 
40 Light brown medium to fine sandy CLAY 
50 Gray medium to fine sandy CLAY 
60 Light brown silty medium to fine SAND 
70 Gray and brown silty coarse to fine SAND, trace of clay and gravel 
80 Gray and brown silty coarse to fine SAND, trace of clay and gravel 
90 Gray and brown silty coarse to fine SAND, trace of clay and gravel 
* 100 Gray silty medium to fine SAND 
110 Tan brown silty medium to fine SAND 
120 Tan brown silty medium to fine SAND 
130 Reddish brown silty coarse to fine SAND 
140 Reddish brown silty coarse to fine SAND 
* 150 Pink silty coarse to fine SAND, trace of gravel 
160 Reddish brown silty coarse to fine SAND, trace of gravel increasing coarse sand 
170 Reddish brown silty coarse to fine SAND, trace of gravel 
180 Reddish brown silty coarse to fine SAND, trace of gravel 
bg 190 Brown silty coarse to fine SAND, trace of gravel 
200 Brown silty coarse to fine SAND, trace of gravel 
210 Brown silty coarse to fine SAND, trace of gravel 
* 220 Tan silty medium to fine SAND 
230 =Tan brown silty medium to fine SAND 
240 Tan brown silty mediuin to fine SAND 
250 Tan brown silty medium to fine SAND 
260 Tan brown silty medium to fine SAND 
270 Tan brown silty medium to fine SAND 
280 Tan brown silty medium to fine SAND 
290 Tan brown silty medium to fine SAND 
300 ~=Brown silty medium to fine SAND 
310 Brown silty medium to fine SAND clay blebs 
320 Brown silty medium to fine SAND clay blebs 
* 330 ~= Brown silty medium to fine SAND 
340 Reddish brown silty medium to fine SAND 
350 Tan brown silty coarse to fine SAND 
360 Tan brown silty coarse to fine SAND 
370 Tan brown silty coarse to fine SAND 
380 Tan brown silty coarse to fine SAND 
390 Tan brown silty coarse to fine SAND 
398 Tan brown silty coarse to fine SAND 


* Denotes sieve analysis performed 


Jon A, Spaller, P.G. 
Geotechnical & Environmental Consultants, Inc. 


Borehole #2 

Depth 

40 

50 

60 

70 

80 

* 90 
100 

110 

120 

130 

140 

150 

160 

170 
* 180 
190 

200 

* 210 
220 

230 

240 

= 250 
260 
270 

280 

* 290 
300 


2011184-ESTCP-Fort Benning 


Description 

Brown silty medium to fine SAND, trace of clay 

Light brown silty medium to fine SAND, trace of gravel 

Light brown silty medium to fine SAND, trace of gravel 

Light brown silty medium to fine SAND, trace of gravel 

Light brown silty medium to fine SAND, trace of gravel 

Yellow tan silty coarse to fine SAND, trace of gravel 

Yellow tan silty coarse to fine SAND, trace of gravel 

Yellow tan silty coarse to fine SAND, trace of gravel 

Yellow tan silty coarse to fine SAND, trace of gravel 

Light brown silty medium to fine SAND, trace of gravel 

Light brown silty medium to fine SAND, trace of gravel 

Light brown silty medium to fine SAND, trace of gravel 

Gray medium to fine sandy CLAY 

Light brown silty medium to fine SAND, trace of gravel 

Gray brown silty medium to fine SAND, trace of gravel and clay 
Gray brown silty medium to fine SAND, trace of gravel and clay 
Gray brown silty medium to fine SAND, trace of gravel and clay 
Gray brown silty medium to fine SAND, trace of clay and gravel 
Brown silty coarse to fine SAND 

Light brown medium to fine SAND with some coarse sand 
Light brown medium to fine SAND with some coarse sand 
Brown silty coarse to fine SAND 

Brown silty medium to fine SAND, trace of clay 

Brown silty mediuin to fine SAND, trace of clay and gravel 
Brown silty medium to fine SAND, trace of clay and gravel 
Brown silty coarse to fine SAND 

Brown silty coarse to fine SAND 


* Denotes sieve analysis performed 


Jon A. Spaller, P.G. 


Geotechnical & Environmental Consultants, Inc. 


Remarks 


clay blebs 


clay blebs 


slightly clayey 


clay blebs 


ze Distribution Report 


ed one 


PERCENT FINER 


100 


éacecaia % Gravel 
% +3 = a - 
Coarse Fine Coarse Medium 
0.0 0.0 0.0 1.9 76.3 ‘ 
SIEVE PERCENT SPEC.* PASS? Material Description 
SIZE FINER PERCENT | (X=NO) Gray silty m-f SAND 


Atterberg Limits 

PL= LL= P| 

Gosffictents x , 
Dan= 1.5658 = 1.4001 = 0.8941 
Deo 0.7582 Deo= 0.5261 Doge 0.2739 
D49= 0.1065 Cy= 8.40 Co= 2.91 

Classification 
USCS= SP AASHT: 

Remarks 


(no specification provided) 


Sample Number: B-1 Depth: 100' 


Date: 10-31-12 


Geotec hn ical Client: Andrews Hammock and Powell 
and E nvironme ntal Project: 2011184-ESTCP-Fort Benning 
Consultants Project No: _120704.230 


Poe a Ge Rae ea (es 
SSS SS Ee ee SS in. 
|__| 2 in. 


PERCENT FINER 


GRAIN SIZ m. 
% Gravel % Fines 
% +3" am cash sadhites 
Coarse 
; 11.9 


PASS? Material Description 
(X=NO) Pink silty c-f SAND 


100 


Atterberg Limits 
LL= 


Coefficients 

Den= 1.8859 Den= 

Deo 0.5300 Dees 

Cy= Co= 

Classification 
AASHT 


1.1815 
0.1536 
USCS= SP-SM 

Remarks 


(no specification provided) 


Sample Number: B-1 Depth: 150° 
: ' Date: 10-31-12 


Geotec h n ical Client: Andrews Hammock and Powell 
and Environmental Project: 2011184-ESTCP-Fort Benning 
Consultants Project No: _120704.230 


PERCENT FINER 


% Sand _ % Fines 


“TGoarse| Medium i Sit 


12.0 52.4 A 18.5 


PASS? Material Description 
(X=NO) Brown silty c-f SAND 


Atterberg Limits 
LL= 


Coefficients 
Dg5= 1.8897 
D39= 0.3135 
Cy= 
Classification 
USCS= SP-SM AASHT! 


Remarks 


(no specification provided) 


Sample Number: B-! Depth: 190' 
. e Date: 10-31-12 


Geotec h n ical Client; Andrews Hammock and Powell 
an d E nvi ronme ntal Project: 2011184-ESTCP-Fort Benning 
_Consultants Project No: _120704.230 


PERCENT FINER 


Particle Size Distribution Report 


il 


% Gravel 


I . 


% Fines 


Goats | Fine 


sit | 


0.0 


(no specification provided) 


Sample Number: B-1 Depth: 220' 


8.4 


Material Description 
Tan silty m-f SAND 


Atterberg Limits 
PL= LL= Pl= 


2 Gostiicients 5 

= 0.9460 = 0.8298 = 0.5389 
Deo= 0.4617 Dees 0.3213 Dis 0.1945 
D7o= 0.1092 Cy= 4.94 Cg= 1.75 


Classification 
USCS= SP-SM AASHTO= 


Remarks 


Date: 10-31-12 


Geotechnical 
and Environmental 
Consultants 


Client: Andrews Hammock and Powell 
Project: 2011184-ESTCP-Fort Benning 


|| Project No: 


120704.230 
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Atterberg Limits 
LL= Pl 
Gostficients 3 
Don= 0.6661 = 0.5310 = 0.2782 
Deo 0.2271 Deo 0.1439 Dees 
D40= CyF Co= 
Classification 
USCS= SP-SM AASHTO= 
Remarks 


ze Distribution Report 
RAIN 
% 43" % Gravel | eae San Jey _% Fines fois 
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0.0 0.0 0.0 ; : ; 15.4 
PERCENT SPEC.* PASS? Material Description 
FINER PERCENT (X=NO) Brown silty m-f SAND 
(no specification provided) 
Sample Number: B-! Depth: 330' 


Date: 10-31-12 


Geotech n ical Client: Andrews Hammock and Powell 
and Environmental Project: 2011184-ESTCP-Fort Benning 


Consultants Project No:_120704.230_ 
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PASS? Material Description 
(X=NO) Yellow tan c-f SAND 


Atterberg Limits 
PL= LL= PE 
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(no specification provided) 


Sample Number: B-2 Depth: 90' 
Date: 11-1-12 


Geotech nical Client: Andrews Hammock and Powell 
and Environmental Project: 2011184-ESTCP-Fort Benning 
Consultants Project No: _120704.230 
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(no specification provided) 


Sample Number: B-2 


Depth: 180" 


48.9 23.0 


PASS? 
(X=NO) 


Material Description 
Gray brown silty m-f SAND trace of clay and gravel 


Atterberg Limits 


Coefficients 


Don= 1.3904 Des= 1.1576 Den= 0.5875 

Dope 0.4519 DSo= 0.1893 Des 

D10= Cu= Co= 
Classification 


USCS= SM-SC AASHTO= 


Remarks 


Date: 11-1-12 


Geotechnical 
and Environmental 
Consultants 


Client: Andrews Hammock and Powell 
Project: 2011184-ESTCP-Fort Benning 


J Project No: _120704.230 


PERCENT FINER 


ize Distribution Report 


__% Fines 


20.7 


PASS? Material Description 
(X=NO) Gray brown silty m-f SAND trace of clay and gravel 


Atterberg Limits 
PL= LL= Pl= 
Coefficients 
Doo= 1.4314 Den= 1.2191 Den= 0.6289 
Doge 0.4792 DS= 0.2074 Doce 
D40= CuF C= 
Classification 
USCS= SM-SC AASHTO 
Remarks 


(no specification provided) 


Sample Number: B-2 Depth: 210' 


Date: 11-1-12 


Geotechnical Client: Andrews Hammock and Powell 
an d Environmental Project: 2011184-ESTCP-Fort Benning 


Consultants Project No: 120704.230 
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(no specification provided) 


Sample Number: B-2 Depth: 250' 


% Fines _ 


PASS? 
(X=NO) 


Medium 


75.5 


Material Description 
Brown silty c-f SAND 


Atterberg Limits 
LL= 


Coefficients 
Dg5= 1.6401 
D3o= 0.6989 
Cy= 13.36 


Classification 
USCS= SP-SM AASHT 


Remarks 


Date: 11-1-[2 


Geotechnical 
and Environmental 


Consultants 


Client: Andrews Hammock and Powell 
Project: 2011184-ESTCP-Fort Benning 


Project No: 120704,230 


ize Distribution Report 
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PASS? Material Description 
(X=NO) Brown silty c-f SAND 


Atterberg Limits 
PL= LL= 


Coefficients 
Dgo= 1.7664 Dg5= 1.6352 
Ds5o= 1.0346 D39= 0.7037 


D40= Cy 


Classification 
USCS= SP-SM AASHTO= 


Remarks 


(no specification provided) 


Sample Number: B-2 Depth: 290' 
: 11-1-12 


Geotechnical Client: Andrews Haminock and Powell 
and Environmental Project: 2011184-ESTCP-Fort Benning 
Consultants Project No: _120704.230 
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PASS? Material Description 
PERCENT | (X=NOQ) Tan m-f SAND 
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Sample Number: DSI GP 1A 


Date: 10-31-12 


Geotechnical Client: Andrews Hammock and Powell 
and Environmental Project: 2011184-ESTCP-Fort Benning 
Consultants Project No: 120704.230 


UIC Application Documents: Non-Contact Cooling Water System-B3215, Ft. Benning 


End of UIC Permit Application 
Revision 2.0 
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= ( : FOR( , IA Richard E. Dunn, Director 


a GF perartment OF NATURAL RESOURCES EPD Director’s Office 
2 Martin Luther King, Jr. Drive 
ENVIRONMENTAL PROTECTION DIVISION Suite 1456, East Tower 


Atlanta, Georgia 30334 
404-656-4713 

Mr. Andrew C. Hilmes 

Colonel, U.S. Army 

Garrison Commander 

1 Karker Street 

Building 4, Suite 5900 

Fort Benning, GA 31905 


RE: Permit Issuance 
Fort Benning, Building 3215 
Permit No. GAW000691 
Fort Benning, Muscogee County 


Dear Mr. Hilmes: 


Pursuant to the Georgia Rules for Underground Injection Control, Chapter 391-3-6-.13 
(Amended), and the Georgia Rules for Safe Drinking Water (Amended), and the Rules and Regulations 
promulgated thereunder, we have issued the attached permit for the above-referenced facility. 


Your facility has been assigned to the following EPD office for reporting and compliance. 
Signed copies of all required reports shall be submitted to the following address: 


Environmental Protection Division 
Watershed Protection Branch 
Underground Injection Program 
2 Martin Luther King Jr. Drive, Suite 1152 
Atlanta, Georgia 30334 


Please be advised that on and after the effective date indicated in the permit, the permittee must 


comply with all terms, conditions, and limitations of the permit. If you have questions concerning this 
correspondence, please contact Mr. Bijan Rahbar at 404.656.3229 or bijan.rahbar@dnr.ga.gov. 


Sincerely, 

De a4. 
Richard E. Dunn 
Director 


ce: UIC Permit GAW000691 file 
Chuck Hammock, Andrews, Hammock & Powell, Inc. 


Permit No. GAW000691 
Issuance Date: 


== GEORGIA 


= $ DEPARTMENT OF NATURAL RESOURCES 


ENVIRONMENTAL PROTECTION DIVISION 


Underground Injection Control Well Operating Permit 


Injection Well Type: Class V (type 5X26) 


Facility Address: Building 3215 Operator Address: Fort Benning 
11" Airborne Division Road U.S. Army Garrison 


Fort Benning, GA 31905 1 Karker Street 
Muscogee County Building 4, Suite 5900 
Ft. Benning, GA 31905 
Facility Location: 32° 24' 35.19" N / 84° 54' 08.51" W 


In accordance with the provisions of the Georgia Rules for Underground Injection Control, 
Chapter 391-3-6-.13, as amended 2001, this permit is issued for the operation of the herein 
described injection system. 


This permit is issued in reliance upon the permit application signed on November 9, 2016, any 
other applications upon which this permit is based, supporting data entered therein or attached 
thereto, and any subsequent submittal of supporting data. 


The injection operation plan is hereby approved, and is based on the statements and supporting 
data entered herein or attached thereto, all of which are filed with the Environmental Protection 
Division of the Georgia Department of Natural Resources and hereby made a part of this permit. 


The permit is subject to revocation for noncompliance with aforementioned conditions. 
The permit shall become effective on January 31, 2017. 


The permit and the authorization to discharge shall expire at midnight on January 30, 2022. 


Richard E. Dunn, Director 
Environmental Protection Division 


State of Georgia 
Department of Natural Resources Permit No. GAW000691 
Environmental Protection Division Page 2 of 4 


INJECTION WELL OPERATING PERMIT 


1. Permit Condition 


The Permittee's continued compliance with the Georgia Rules for Underground Injection 
Control, Chapter 391-3-6-.13 (Amended) and the Georgia Rules for Safe Drinking Water 
(Amended). 


2 Injection Plan System Parameters 


This permit is issued to the Operator for the purpose of operating a 5-year pilot project to inject 
non-contact cooling water into the Cretaceous aquifer. 


a. Number of Class V injection wells: four (4). This permit only authorizes the use of two (2) 
injection wells at any one time. 

b. Injected fluid: groundwater from Cretaceous aquifer used for non-contact cooling system.. 

c. Maximum injection rate per well: 46 gallons/min. (gpm)/well. 
Maximum total system injection rate: 92 gpm. 

d. Maximum injection volume per well: 66,240 gallons/day/w. 
Maximum total system injection volume: 132,480 gallons/day. 

e. Maximum daily average injection pressure (at well head): 5 psi. 

3. Monitoring and Reporting Requirements 

a. The Operator shall submit reports to the Underground Injection Control (UIC) Program of 
the Environmental Protection Division (EPD) the number and exact location (provide 
geographical coordinates) of all Class V injection wells it installs or plugs on a quarterly 
basis. The reports are to be submitted to the UIC Program. 

b. The Operator shall collect water samples on a quarterly basis of the injection water for 


laboratory analysis of volatile organic compounds by EPA Method 524.2, semi-volatile 
organic compounds by EPA Method 526, and Metals by EPA Method 200.8. 
Additionally, the operator shall also measure and record dissolved oxygen, conductivity, 
temperature, and pH on a quarterly basis. When maintenance is performed on any portion 
of the system, a water sample must also be collected within 120 minutes of the startup of 
the injection system and analyzed for the above referenced parameters. 


State of Georgia 
Department of Natural Resources Permit No. GAW000691 
Environmental Protection Division Page 3 of 4 


c. The Operator shall submit to the UIC Program quarterly reports that will contain the 
following information. 


Li, Status of the injection system operation; 

2, Results of any ground-water sampling and analyses; 

3 Results of any soil sampling and analyses; 

4. Comparisons of analyses to determine any changes in concentrations. 


d. The Operator shall perform Mechanical Integrity Tests of the injection system pursuant to 
Chapter 391-3-6.13(13) of the Rules and Regulations for Water Quality Control. 
The first Mechanical Integrity Test must be conducted within the first 12 months of the 
injection system operation. The second Mechanical Integrity Test must be conducted one 
year prior to the expiration date of this permit. The Operator shall submit a test procedure 
at least three months prior to conducting the Mechanical Integrity Test to the Underground 
Injection Program for review. 


4, Transfer of Ownership or Control 


This permit is not transferable until any new operator shall agree in writing to all permit 
conditions. Any new operator also shall provide the EPD with appropriate documentation 
that they have adequate financial assurances to plug all existing Class V wells. 


5. Notification of Noncompliance 


The Operator shall report any instances of noncompliance with permit conditions to the 
EPD in writing within five (5) working days of such noncompliance, and shall take all 
reasonable steps to minimize the impact on the environment resulting from noncompliance 
with this permit and the Georgia Rules for Underground Injection Control. 


6. Notification of Changes 


The Operator shall notify the EPD of any proposed changes to the performance of the 
injection system in writing at least thirty (30) days prior to the changes. 


‘Te Signatory Requirements 


All reports submitted to the EPD shall be signed and stamped by a Georgia Registered 
Professional Engineer or Professional Geologist. 


8. Monitoring Procedures 


All analyses shall be performed by a laboratory approved or accredited by EPD in 
accordance with the Georgia Rules for Commercial Laboratory Accreditation, Chapter 
391-3-26. Analytical methods, sample containers, sample preservation techniques, and 
sample holding times must be consistent with the techniques and methods listed in 40 
CFR Part 136. The analytical method use shall be sufficiently sensitive. 


State of Georgia 


Department of Natural Resources Permit No. GAW000691 
Environmental Protection Division Page 4 of 4 
9, Emergency Situations 


10. 


11. 


12. 


13. 


a. The Operator is to immediately notify the EPD of any emergency situation that affects 
the injection system and describe the remedial activity that the Operator is utilizing to 
correct the situation. 


[on The Operator is to immediately notify the EPD when the emergency situation ceases to 
exist. 
Right of Entry 


The Operator shall grant the EPD permission to enter the facility property to conduct 
inspections of the injection system. 


Records 
The Operator shall maintain a copy of this permit at the facility site. 
Permit Renewal 


The Operator/Owner shall submit a permit application to EPD to renew the permit at least 
ninety (90) days prior to the expiration date of the permit. 


Permit Termination 


The Operator shall, upon termination of the approved injection fluids at this site, properly 
plug and abandon all Class V wells constructed on this site in accordance with EPD’s 
Manual for Groundwater Monitoring (September 1991) and notify the EPD in writing 
within thirty (30) days of such termination and abandonment. 
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INTERNATIONAL COOPERATION ON ATES AT THE FT BENNING SITE 
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Introduction 


We are pleased to present you this hydrogeological evaluation for the demonstration 
project DoD in the USA. The purpose of the project is to demonstrate the high-efficiency 
of ATES and BTES systems for space heating and cooling in buildings. 


Andrews, Hammock & Powell, Inc. Consulting Engineers (AH&P) has IF Technology (IF) 
requested to support in the design and supervision during realization of the demonstra- 
tion of the ATES system. 


The scope of the project is to demonstrate the efficiency of an ATES-HP system at an 
existing building in relation to a traditional heating and cooling concept. The building se- 
lected is probably 17 Ft Benning. The expected flow rate of the ATES system on this site 
is 110 GPM (25 m*/h). 


In this report, the hydrogeology at the site of Ft Benning, in Columbus, Georgia is re- 
viewed and the feasibility of the underlying aquifers for the development of an Aquifer 
Thermal Energy Storage (ATES) system is assessed. 


The work has been done according to our proposal 26.080/60317/BG, d.d. February 14° 
2012. 


The assessment is focused on the information which is required and critical for the design 
of an ATES system. 


Main conclusion 


Aquifer Thermal Energy Storage seems to be applicable on the Ft Benning site. Further 
investigation should focus on the redox interface. 
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2.1 


Starting points 


Site location 


The project location is situated at the Ft Benning (Army) site in Columbus, GA. 


GPS coordinates: 
32° 24.585’N 
84° 54.141’°W 


Figure 2.1 Map United States of America (source: South Travels) 


e 
~~. 
26.383/60317/BG 6 April 2012 5 VES 1 


PHYSICAL FEATURES 
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Lakes 


Highest elevation in state (feet) +4784 


The lowest elevation in Georgia is sea level 
(Atlantic Ocean), 


POPULATED PLACES 
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State capital x Atlanta 
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TRANSPORTATION : Ta: 


Interstate; limited access highway a 
Other principal highway Sa 
Railroad Albers equal area projection 


Figure 2.2 Map of Georgia (source: National Atlas of the United States 
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2.2 


Figure 2.3 Geogle Earth map of the site 


Aquifer Thermal Energy Storage 


The way ATES works for cooling or low temperature heating is that energy is stored in 
aquifers 70 to 800 ft below the surface. Water is pumped up from an aquifer, heat is ex- 
tracted and relatively cold water is re-infiltrated in the same aquifer. A cold groundwater 
zone (41 to 50°F (5 to 10° C)) develops around the infiltration well, which can be used for 
cooling in the summer. This water then absorbs heat from the building and energy can be 
stored in a corresponding warm water zone (59 to 86° F(15 to 30° C)) and used to heat 
the building in winter. See Figure 2.4. For heating in general, a heat pump (not shown) 
will be used to boost the temperature for the in the building's loop. 
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Figure 2.4. ATES in the cooling and heating mode 


2.3 Characteristics of ATES 


The following characteristic apply on ATES: 

e Seasonal storage of energy, resulting in a “free” supply of heat and cold. 

e Open loop system, but separated from the building circuit by a heat exchanger. 
This prevents pollution of the groundwater. 

e Groundwater is extracted and infiltrated simultaneously: 100% is re-injected! 

e Applicable depth: 70 to 800 ft (low temperature) and 350 to 3,500 ft (high temper- 
ature), depending on the hydrogeological local situation. 

e High energy savings: up to 90% in cooling mode; 60% in heating mode. 

e Average energy saving based on many realized systems: 50 — 70 %. 

e Average CO,-emission reduction: 50 - 90 %. 

e ATES is the most economically profitable sustainable energy technology (far bet- 
ter than solar and wind). 

e Payback time without subsidies or rebates for larger systems is < 10 years. 

e ATES is a proven and reliable technology (more than 1,500 systems are in opera- 
tion). 

e Scale: Small (office buildings) and large scale (district projects) are all common. 

e Connection to a local existing heating and cooling grid is possible. 

e Construction can be done with local labor and equipment. 

e Nonoise, no smoke, no smell. The installation is invisible. 


2.4 ATES system set up 


An basic ATES system consists of one cold well and one warm well (doublet), when can 
be extended easily. 

The cold water wells and warm water wells will be installed along with the plate heat ex- 
changers. The plate heat exchangers are located in the main plant room. 


The operation of the system can be described by means of the following two main opera- 


tion modes: 
Ne. 
xa 
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Cold supply /cooling / summer operation 

As soon as there is a demand for cold, groundwater is extracted from the cold well. The 
cold from the extracted water is transferred by the heat exchangers to the cooling system 
where it is used for cooling purposes. This heat transfer causes the temperature of the 
groundwater to raise. The warmer groundwater is then re-injected into the aquifer by the 


warm well. 
TSA 
a Cold supply 


Figure 2.5. Cold supply / cooling / summer operation 


Cooling storage / winter operation 

In winter the ATES system transfer heat from the well to the building, for which ground- 
water is extracted from the warm well. The extracted water transfer its heat to the cooling 
system through the heat exchangers. This energy transfer causes the groundwater to 
cool down. The cooler groundwater is then re-injected into the aquifer by the cold wells. 


Ne. 
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Cold supply 


Figure 2.6. Cooling storage / winter operation 


An example of a well is presented in Appendix I. 
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3.1 


Site description 


General 


A geological fault (also referred to as the Fall Line), runs along Columbus and creates 
within the city two completely different aquifers systems. North of the fall line, the Crystal- 
line-rock aquifers (Piedmont Provinces) occur, and south from the line the Cretaceous 
aquifer system occurs. This is depicted in Figure 3.1 and 3.2. The site is indicated by the 
green star. Based on the location of the site with respect to the fall line, no influence is 
expected to occur. 


a , 
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~~ 


. 
ate 


* 


Figure 3.1. Site location and the estimated Fall Line occurrence. 
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3.2 


Qal: Stream alluvium 
(Quaternary) 


osalem 


[Detailed description) 


Stream alluvium and 
undifferentiated terrace deposits 
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Figure 3.2 Geological overview (source USGS) 


Built-up of the soil 


The expected geological sequence beneath the site is outlined in Table 3.1. The descrip- 
tion is based on the following sources: 
a. Formation Thermal Conductivity Test and Data Analysis, 2011. Fort Benning, GA. 
Report prepared by Andrews, Hammock and Powell, Inc. 
b. Groundwater Conditions and Studies in Georgia, 2008-2009. US Geological Sur- 
vey Water Resources Investigations Report 99-4140 
c. Online resources http://waterdata.usgs.gov/ga/nwis/ 


Table 3.1 Hydrogeological schematisation 


0-395 Intercalation of layers of medium to Cretaceous aquifer Aquifer 
(120 m)** coarse sands and gravels with of silty (Tuscaloosa) 
clays and silty sands 


“feet below ground level 
** This aquifer is expected to extend to depths of about 720 ft-bgl (220 m-bg)). 


The Cretaceous aquifer is in general reported to be of medium to high permeability with 


well discharges up to 530 GPM (120 m*/h) which makes it a suitable aquifer for ATES. 
However, the exact capacity of the aquifer at the site needs to be confirmed. The pres- 


Ne. 
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ence of layers of silts and clays (low permeable layers) in between the medium to coarse 
sandy layers (high permeability) could reduce the capacity of the aquifer for abstrac- 
tion/injection. Therefore it is recommended to drill (at test drilling phase) to depths of min- 
imum 655 ft-bgl (200 m-bgl) to determine where the sandy horizons occur. 
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4.1 


4.2. 


4.3 


Groundwater conditions 


Groundwater level 


The groundwater level at the site is expected to be of around 56 ft-bgl (17 m-bgl). Chang- 
es in water levels (drop) are reported to be in the order of 3 ft/y (1 m/y). 


Groundwater velocity and flow direction 


No other measurements of water levels in the cretaceous aquifer could be obtained at the 
time of reporting. Therefore the hydraulic gradient and flow direction (and resulting 
groundwater velocity) is not reported here. However, based on the geological setting of 
the Cretaceous aquifer a general groundwater flow direction of N-NW -> S-SE may be 
inferred. 


Groundwater quality and temperature 


The average measured groundwater temperature is 70°F (21°C). At the time of reporting, 
no site-specific water quality data was available. However, the water quality should be 
determined to identify potential clogging risk due to redox reactions. The aquifer at the 
site (see Table 3.1) is considered to be unconfined and the groundwater in the shallow 
parts is expected to be of oxic nature. If during abstraction/re-injection oxygen-rich 
groundwater is mixed with e.g., iron-containing groundwater, it can lead to the formation 
of iron precipitates and can cause clogging in the well. 


It is strongly recommended to take water samples at discrete depths to determined the 
water compositions trends with depth. 
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Conclusions and recommendations 


From previous reports the Cretaceous aquifer at the site is expected to deliver the ex- 
pected well discharge (~ 110 GPM, 25 m°/h). However, this can only be confirmed 
through pumping test. Given the layering nature of the aquifer (sandy horizons intercalat- 
ed by silty clay layers) a drilling depth of minimum 655 ft-bgl (200 m-bgl) is recommend- 
ed. Given the unconfined nature of the Cretaceous aquifer at the sire, groundwater chem- 
istry variations with depth are expected. It is therefore of major importance to determined 
where the redox interface (transition from oxic to reduce water) lies at depth. This should 
be one of the main focus of the test drilling program. In addition, supplementary, but less 
important information on local the groundwater levels may be gathered for a better esti- 
mation of the general flow direction and velocity. 
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Appendix | 


Example of an ATES well 


Impression of a typical well 


Figure A1: 
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Appendix Il 


IF Technology 


IF Technology 

We are a leading geothermal energy consultancy 
and engineering company, based in Arnhem in the 
Netherlands. We take a multi-disciplinary approach 
to projects, bringing in our experienced geologists, 
hydrogeologists, civil & mechanical engineers and 
well engineers, as required. If you wish to explore 
the potential of geothermal energy, we can carry 
out a feasibility study. We also have all the skills 
in-house to provide a one-stop shop, including risk 
assessment, permitting, technical and financial 
analysis and system design. 


We have special expertise in Aquifer Thermal En- 
ergy Storage, Borehole Thermal 

Energy Storage, Deep Geothermal Energy Systems, High Temperature Storage and Well Engineer- 
ing. 


Key notes 
« We have more than 20 years of experience with design and commissioning. 
« We have 90 highly educated specialists and project managers. 
¢ Over 1,500 of our medium and large scale projects are in operation. 
¢ Our operational projects are in the Netherlands, Belgium, Canada, Spain, Norway, UK, and 
US. 
« New projects underway in Germany, UK and China. 


Consultant engineers in green technology 

We advise local authorities, developers and building services consultants on a broad range of geo- 
thermal energy solutions, including energy extraction and storage projects as well as energy master 
plans. We also advise policymakers on underground storage of compressed energy, COz and water. 
Services we offer: 


Execution phase 
Preparatory phase 

* Quick scan 

¢ Feasibility studies 

¢ Total energy concepts 

¢ Hydrogeological studies 
* Test drilling consultancy 
* Technical design system 


¢ Project Management 

* Reservoir Engineering 

* Well Engineering 

* Mechanical & Electrical Engineering 
* Construction Supervision 

* Commissioning 

¢ Operation & Maintenance 


; Be * Monitoring 
sag: g * Second Opinion 
¢ Permitting 


¢ Process Control & Risk Management Se an geinet 


ATES in the Netherlands 

Since 1989 the first ATES systems are realized in the Netherlands. Now more than 20 
years later, over 1,500 IF ATES systems have been made with success. ATES systems 
are used for a wide variety of purposes. Most common users are: Hospitals, schools, 
public buildings, residential buildings and office buildings. IF is market leader in ATES 
systems in The Netherlands. 
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Figure A2: IF ATES systems in the Netherlands (designed systems and realised systems) 


International ATES systems 
IF has designed and developed many ATES systems all over the world. 


United Kingdoms 

e Westway Housing Londen, 1 MW ATES system, in operation since 2006 
e Leamouth Londen, realized 2 wells 

e Beorma Quarter Birmingham, test drilling performed 

e Dartford Campus, test drilling performed 

e Nat. Maritime museum Greenwich, 2 wells ATES system, realization 2010/2011 
e East Indian Road Londen, realized 2 wells 

e Wandsworth Londen, realized 8 wells, full system realization 2011 

e Tottenham Hotspur, pre-design ATES system 

e Imperial College, test drilling performed 

e Astra Zeneca, test drilling performed 


NX 
x. 
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Belgium 

e Cera Bank Leuven, 1 MW ATES sytstem, 1999 
e Janssen Pharmaceutica Geel 

e Janssen Pharmaceutica Beerse 

e Zwan Schoten 


e ETAP 

e Kortman Intraldal St. Truiden 
e Tessas 

e Vito Mol 


e Maria ziekenhuis Overspelt 

e Cipala/ Innotek Geel, 1 MW ATES system, 2001 
e oesterzwammenteler Vandenhove Rijkel 

e Proefcentrum Sierteelt 

e St. Dimpna Geel 

e Philips Hasselt 

e Eco Print Center Lokeren 

e Astro Toren Brussel 


Spain 
e Metro Madrid, complete BTES power plant for cooling of the metro station 
e Mollet Hospital, Barcelona, complete BTES power plant 


USA 
e Richard Stockton College. Six well ATES system, 1 MW, 2008 


Norway 
e Gardermoen Airport, Oslo. 10 MW, 1996 


China 

e Suntech Wuxi, Jiangsu, test drilling ATES system 

e SAAS, Shanghai. Design ATES system greenhouse. Realization 2011 

e Headquarter Air-CBD, Beijing. Test drilling ATES system. Realization 2011 


India 
e Deep geothermal electricity production. Feasibility and pre-design. 


Germany 
e Berlin, deep geothermal heating and electricity production potential study 


Russia 
e Sochi, Olympic Winter Games. Feasibility study for the application of ATES 


Canada 
e Solar City Okotoks, combination solar collectors and BTES. In operation. 


26.383/60317/BG 6 April 2012 7 


Denmark 
e Copenhagen towers. ATES system, 2009 


Synopsis 

A thorough design in combination with regular quality checks at set times by IF during the 
construction phase, results in a guaranteed en good working ATES system. 

IF-style ATES systems demonstrated themselves over the last 20 years as a proven technolo- 
gy as well as energy saving and sustainable systems with serious contribution to CO 
emission reduction. 


Frequent maintenance of the system and system monitoring, will ensured a high reliability of 
the system for many years. 


IF Technology is able to support and give contribution to all project phases from pre-design, 


detailed design, environmental risk assessment, tendering, project management during 
construction to system monitoring and data management. 
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APPENDIX E IF TECH DRILLING PROGRAM FT BENNING 
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IF Technology 

Velperweg 37 

6824 BE Arnhem 

The Netherlands 

PO Box 605 

6800 AP Arnhem 

The Netherlands 

T +31 (0)26 35 35 555 

F +31 (0)26 35 35 599 Ez . 
E info@iftechnology.com L 


| www.iftechnology.com 


INTERNATIONAL COOPERATION ON ATES AT THE FT BENNING SITE 


Client 

Andrews, Hammock & Powell, Inc. 
Consulting Engineers 

250 Charter Lane CONSULTING 
tae ease ENGINEERS 
T +1 478 405 8301 

F +1 478 405 8210 

E CHammock@ahpengr.com 

Contact: Chuck Hammock, PE, LEED AP, CGD 
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Consultant ATES system 
IF Technology B.V. 

Velperweg 37 

6824 BE ARNHEM 

The Netherlands 

T +31 26 35 35 555 

F +31 26 35 35 599 

E b.godschalk@iftechnology.nl 
Contact : M.S. (Bas) Godschalk 
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Project team IF Technology 
M.S. (Bas) Godschalk, MSc 
International Business Manager 


M. (Mariene) Gutierrez Neri, Ph.D. 
Senior consultant hydrogeology 


T. (Tim) Aalten, B Eng 
Well engineer 


M.M. (Marcel) Swets eur.ing., B Eng 
Chief technical officer 
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Introduction 


The scope of the project is to demonstrate the efficiency of an ATES-HP system (Aquifer 
Thermal Energy Storage-Heat Pump) at an existing building in relation to a traditional 
heating and cooling concept. The selected building is 17 Ft Benning. The estimated flow 
rate of the ATES system on this site is 110 GPM (25 m*/h). 


The main purpose of the test drilling is to reduce risks or to be able to manage the risk 
during the design and realization phase. Therefore, the approach is to focus on only the 
(technical) risk parts. Of course an extended test drilling will deliver more information, 
which may result in a more refined design. In the next Table is presented the actual un- 
certainty (risk) and the test drilling options to reduce the risk. 


Table 1.1 Risk overview and test drilling options 


Test drilling program, risk management 


Actual risk 

Minimal required |Borehole with 4 observation wells 
Option 1 Water well 

Option 2 Extra observation well 


legend risk: 


=high 
=medium 
= small 


«very sai 


Table 1.1 shows that redox is the major risk for the realization of an proper working ATES 
system. Therefore, we suggest to perform the minimal test drilling program as described 
in Chapter 3. 

If there is a demand for more accurate information or an obligation to the founder of the 
demonstration project, extra test drilling options can be performed, as described in chap- 
ter 4. The first option is to extend the test by an extra water well for a pumping test (extra 
aquifer properties will be determined) and second an additional observation well for 
groundwater direction and speed measurements. 


Our recommendation is to perform the minimal test drilling program. 


N 
L—~$ 
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For each step of the test drilling it is strongly recommended that an IF well engineer is on 
site during the (main) activities. 


As discussed, this test drilling program doesn’t include the local requirements or de- 


mands for the permit and verification of the (drinking) water quality for injection. AH&P will 
take care for this requirements and they can be added to the total test drilling program. 


e 
Tap 
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2.1 


Project information 


Ft Benning site 


The project location is situated at the Ft Benning (Army) site in Columbus, GA. 


GPS coordinates: 
32° 24.585'N 
84° 54.141’W 


) 
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Figure 2.1 Google Earth map of the site 
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2.2 Geological sequence 


The expected geological sequence beneath the site is outlined in Table 2.1. The descrip- 
tion is based on the following sources: 
a. Formation Thermal Conductivity Test and Data Analysis, 2011. Fort Benning, GA. 
Report prepared by Andrews, Hammock and Powell, Inc. 
b. Groundwater Conditions and Studies in Georgia, 2008-2009. US Geological Sur- 
vey Water Resources Investigations Report 99-4140 


Online resources http://waterdata.usgs.gov/ga/nwis/ 
d. Hydrogeological evaluation Ft. Benning, IF Technology, ref.nr. 26.383/60317/BG, 


9 


6 April 2012. 
Table 2.1 Hydrogeological schematisation 
0-395 Intercalation of layers of medium to Cretaceous aquifer Aquifer 


(120 m)** coarse sands and gravels with of silty (Tuscaloosa) 
clays and silty sands 


“feet below ground level 
** This aquifer is expected to extend to depths of about 720 ft-bgl (220 m-bg)). 


Water level 
Expected water level in the aquifer: 56 feet (17 meters) below ground level. 
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3.1 


Minimal test drilling program 


General 


It is essential to measure the groundwater quality on the location at several depts. 
Therefore 1 borehole with 4 observation wells must be realized. 


Location 


: ~ INEZAE MOS) 
ey 4 


Details: 
- The preferred piping material is PVC. 
- — Drilling method: rotary drilling. 
- Figure 3.1 presents the dimensions of the borehole with 4 observation wells. 
- — Drilling borehole to 656 feet (200 meter) below ground level. 
- Borehole diameter: 12 inch (300 mm). 
- 4 observation wells: 


Ow! 157 — 164 48 - 50 

| OW2 | 321 - 238 | 98 - 100 
| OW3 | 485 — 492 | 148 - 150 
| OwW4 | 649 - 656 | 198 — 200 


- Minimal ID observation wells 2.25 inch (57 mm). 
- OD observation wells about: 2.48 inch (63 mm)’. 
- Slot size filter screen 0.024 inch (0.6 mm)*. 
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- The annulus must be backfilled with the use of a tremie pipe. 
- The borehole must be backfilled with filter gravel (filter pack) and clay: 
o grain size filter pack gravel between 0.031 and 0.049 inch (0.8 — 1.25 
mm)*. 
o 13 feet (4 meter) filter pack gravel per observation well. 
604 feet (184 meter) swelling clay. 
o The borehole cannot be backfilled with the cuttings (out coming 
sand/clay) of the drilling 


[e) 


*NOTE: The exact dimensions of the materials shall be tuned to local available materials. 


The well engineer of IF Technology shall give onsite instructions about the final depths of 
the filter screens and backfilling materials. 


side view top view 


depth depth 
(feet- ground level) (m- ground level) 


\\ 


| 
GN 


filterpack 


back fill O construction back fill O construction by, y y a “yf | ; ( , 
| 1 ll swelling day \C. ©/ borehole 
7 TL ) ~— observation well 
VV 
4] o57 4714 Z) eee filterpack 
| 4 i a 
| 
7 
swelling clay 
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swelling clay 


| 
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filterpack 


74198 filterpack 


200 borehole diameter 12 inch (300 mm) 


Figure 3.1 Schematic borehole with 4 observation wells 
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3.2 


3.3 


3.4 


3.5 


Drilling 


The drilling shall be done with the rotary drilling technology (appendix | presents the 
principle of intended rotary drilling method). 
Drilling samples (disturbed) from the cuttings must be taken by the driller of at least 
every 10 feet (3 meter) of the soil. IF shall collect the samples and makes a descrip- 
tion of the soil. 
A geophysical well log must be performed in the open borehole. The following items 
must be measured, by the drilling company or specialist company: 

o Spontaneous Potential Log (mV versus depth) 

o Resistivity Log (O m versus depth) 

o Natural Gamma Ray Log 
The measured curves must be plotted in a diagram. 


Clean pumping observation wells 


The observation wells must be clean pumped. IF will tell when the drilling company 
can stop with clean pumping of the observation wells. 

The driller must provide a submersible pomp with an OD of 2 inch (50 mm), minimal 
flow rate of 9 GPM (2 m°/h) for extracting water from the observation wells. 

The driller must provide electricity for the submersible pump. 


Measurements and analysis 


The well engineer of IF Technology shall take water samples with the submersible 
pump. 

The well engineer of IF Technology shall perform level and temperature measure- 
ments in the observation wells. 

AH&P shall take care for the right bottles/flask for sampling and the water chemistry 
analysis by a certified laboratory. 


Results 


The borehole with 4 observation wells must deliver the following results: 
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- Description of geological strata. 

- Indication of maximum yield of the aquifer. 

- Water quality at several depths to determine the depth of the redox zone (Fe”", 
Fe**, Mn**, NO3) 

- Results field measurements: water temperature, dissolved oxygen, pH. 

- Input for final well design. 


Optional extended test drilling program 


Option 1: Water well 


General 


Next to the borehole with 4 observation wells, it is possible to perform one additional wa- 
ter well to determine the maximum yield of the aquifer. 


Location 


mr NEQAIOS 


Details water well 
e The preferred piping material for the well is PVC. 
e = Drilling method: rotary drilling. 
e Drilling borehole to 656 feet (200 meter) below ground level. 
e Borehole diameter: 11.8 inch (300 mm). 
e =1 water well: 


Water well 541 — 639 165 — 195 


e = Minimal ID filter screen 5.7 inch (144.6 mm). 

e OD filter screen about: 6.3 inch (160 mm)’. 

e Slot size filter screen 0.024 inch (0.6 mm)*. 

e Casing length (filter — ground level) 541 feet (165 meter). 

e Sump 

e The annulus must be backfilled with the use of a tremie pipe. 
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e The borehole must be backfilled with filter gravel (filter pack) and clay: 
© grain size gravel filter between 0.031 and 0.049 inch (0.8 — 1.25 mm)*. 
o 112 feet (34 meter) gravel filter. 
o 538 feet (164 meter) swelling clay. 


*NOTE: The exact dimensions of the materials shall be tuned to local available materials. 


The well engineer of IF Technology shall give onsite instructions about the final depths of 
the filter screens and backfilling materials. 


side view top view 

depth depth oo, 
(feet- ground level) (m- ground level) fo ™ 
back fill construction _ back fill 0 construction ¥ ground level | 


YK RA 
\ < “borehole 
- ‘__casing/filterscreen 


swelling clay 


AAAS 


blind casing centered in borehole 


AAXKXXKAAAAAAAAAAAAAAAAKKS 


\\ 


filterpack 
filter screen centered in borehole 


O.D. 6.3 inch (160 mm) 


borehole diameter 12 inch (300 mm) 


Figure 4.1 Schematic borehole with water well 


e 
Trap 
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Drilling 


The drilling shall be done with the rotary drilling technology (appendix | presents the 
principle of intended rotary drilling method). 
Drilling samples (disturbed) from the cuttings must be taken by the driller of at least 
every 10 feet (3 meter) of the soil. IF shall collect the samples and makes a descrip- 
tion of the soil. 
A geophysical well log must be performed in the open borehole. The following items 
must be measured, by the drilling company or specialist company: 

o Spontaneous Potential Log (mV versus depth) 

o Resistivity Log (OQ m versus depth) 

o Natural Gamma Ray Log 
The borehole cannot be backfilled with the cuttings (out coming sand/clay) of the 
drilling. 


Clean pumping well 


The well must be clean pumped. The amount of sand and silt in the extracted water 
must be limited. The well engineer from IF Technology shall perform a sand and silt 
test and shall decide when the drilling company can stop with clean pumping of the 
well. 

The driller must provide the following see also figure 4.2: 

a. asubmersible pomp which fits in the well and is suitable for extracting with a 
flow of 110 gallons per minute GPM (25 m*/h). The submersible pump must 
be placed 82 feet (25 meter) below ground level. 

b. Pipe work from submersible pump to sewage. 

c. Water meter (that measures the water amount). 

d. Valve to adjust the water flow. 


Pumping test 
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The well engineer of IF Technology will perform the pumping test and will do the 
measurements, with the same setup as used with clean pumping. The driller must 
assist IF during the test (for 3 days). 

The well engineer of IF Technology is responsible for placing the pressure data col- 
lectors, for registration of the water levels during the pumping test. 


0, —€_, 3» 15109 ; 


‘ 


Figure 4.2 Set up for the pumping test 


4.1.5 Results 
The borehole with the water well must deliver the following results: 
- Additional information of the geological strata. 
- Maximum yield of the aquifer. 
- Specific yield. 


- Water quality (sand and silt content of extracted water after development). 
- Input for final well design. 


4.2 Option 2: Extra observation well 


4.2.1. General 


The groundwater flow velocity and the direction of the groundwater flow can be deter- 
mined by the installation of an additional observation well in a triangle with the water well 
and borehole with four observation wells. 


Location 


wr {Weaz.a008 


Details observation well: 
e All piping material is of PVC 
e = Drilling method: rotary drilling. 
e Drilling borehole to 331 feet (101 meter) below ground level. 
e Borehole diameter: 5.9 inch (150 mm). 
e 1 observation well: 


Observation well5 | 321 — 328 98 — 100 


e Minimal ID observation well 1.1 inch (28 mm). 
e OD observation wells about: 1.3 inch (32 mm)*. 


NM. 
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e slot size filter screen 0.024 inch (0.6 mm)*. 

e The annulus must be backfilled with the use of a tremie pipe. 

e The borehole must be backfilled with filter gravel (filter pack) and clay: 
© grain size gravel filter between 0.031 and 0.049 inch (0.8 — 1.25 mm)’. 
o 13 feet (4 meter) filter gravel. 
o 318 feet (97 meter) swelling clay. 


*NOTE: The exact dimensions of the materials shall be tuned to local available materials. 


The well engineer of IF Technology shall give onsite instructions about the final depths of 
the filter screens and backfilling materials. 


side view top view 
depth depth 

(feet- ground level) | (m- ground level) 

back fill 0 construction back fill O construction ) y 


borehole 


| swelling clay — 
g cley observation well 


7 1,3 inch (32 mm) 


La filterpack 


318__321 97 938 4 
331-7328 101-100 ~“ borehole diameter 5.9 inch (150 mm) 
Figure 4.3 Schematic borehole with 1 observation well 
4.2.2 Drilling 


- The drilling shall be done with the rotary drilling technology (appendix | presents the 
principle of intended rotary drilling method). 

- Drilling samples (disturbed) from the cuttings must be taken by the driller of at least 
every 10 feet (3 meter) of the soil. IF shall collect the samples and makes a descrip- 


tion of the soil. 
- The borehole cannot be backfilled with the cuttings (out coming sand/clay) of the 


drilling. 


e 
Tap 
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4.2.3. Clean pumping observation well 
- The observation well must be clean pumped. IF will decide when the drilling company 
can stop with clean pumping of the observation well. 
4.2.4 Measurements 


- The drilling company or a specialist company shall measure the altitude of the top of 
the screens and locations (Borehole with four observation wells, water well and the 
extra observation well) in relation to a fix point (building). 

- IF shall determine the water levels of the observation wells and water well. 


4.2.5 Results 
The extra observation well must deliver the following results: 
- Groundwater direction 


- | Groundwater flow velocity 
- Input for optimized well lay out for the ATES system 


Me. 
Nw 
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5.1 


Organization and planning 


Organization 


By performing the test drilling, three major companies are involved. First of all is AH&P 
who initiate the demonstration project and has the contacts with the client and is the cen- 
tral point of all the communication as the project manager. 

Second, is the drilling company who will arrange the drillings and installation of wells or 
pipes and support with the tests. 

Last, IF Technology will guide and support the test drilling and will take samples, perform 
measurements and will work out all the gathered data into input data for the design of the 
ATES system. 


In order to make a clear demarcation between the companies, a Table has been pre- 
pared, which can help to get a clear idea of the roles and tasks. Of course it has to be 
discussed and some parts need to be clarified later. 


Table 5.1 (part 1) 


Preparations 
Setting up test drilling plan 

Decision options test drilling plan 
Proposal request drilling company 
Proposals drilling company 
Judgement proposals drilling company 
Order test drilling 

Obtaining right permits 

Preparations test drilling 

Providing submersible pump(s) 


Access to electricity and water on site 
Access point for discharge water + permit 


Drilling 


Determination final well location 
Drilling well 


Sampling drilling mud 

Logs (Pot., Resis. Gamma) 
Determination final screen depths 
Installation screens 


e 
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Table 5.1 (part 2) 


rs 
S 
oe 

Observation well development 
Cleaning well by pumping Required 

Opt.1/2 
Check cleanness of observation well Required 

Opt.1/2 
Sampling and testing 
Providing bottles/flask conform lab. Required 
Taking water samples Required Os 
Shipment to laboratory of samples Required 
Performing measurements (pH, T, level, O2) |Required os 
Performing pumping test Opt. 1 OS 
Theodolit measurement Opt. 2 
Water level measurements Opt. 2 Os 
Results 
Description geological strata Required Os 
Spontaneous Potential Log Required 
Resistivity Log Required 
Natural Gamma Ray Log Required 
Water chemistry analysis Required 
Water temperature Required NL 
Water level Required NL 
Water pH Required NL 
Interpretation pumping test Opt. 1 NL 
Specific yield Opt. 1 NL 
Sand and silt content well Opt. 1 NL 
Interpretation water direction and velocity |Opt. 1 NL 
Final test drilling report Required NL 
? = maybe this partner can perform/arrange this item. OS =on site 


NL=office IF in NL 
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5.2 


5.3 


Materials 


The drilling company should take care for all the materials and equipment for the test 
drilling. However, for some measurements AH&P and IF shall bring materials and/or 
equipment. In Table 5.2 the required materials are presented and the company who shall 
bring the materials on time on site. 


Table 5.2 Materials for the test drilling 


Screens, filter pack etc 
Log meters 

pH, Ec meter 

Water level meter 200 m 

Submersible pump 9 GPM 

Bottles and flask conform specs laboratorium 


Divers 

Submergible pump 110 GPM pumping test 
Water meter pumping test 

Valve pumping test 

Pipework pumping test 

Filter mesh 

Theodolit 


Planning 


In Table 5.3 an indicative planning has been presented. The time for preparations might 
be shortened if the drilling company has already been selected and if an order can be 
given quickly. The time for arranging permits is unsure and may strongly depend on the 
type, amount and the procedure time of permits required. 


The final planning needs to be discussed with the partners and client involved. 
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Planning test drilling 


Table 5.3 
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Principle of rotary drilling technique 


Top head drive 


Settling tanks 
Steel casing 


Drill pipe 


Drill collar 


Drill bit 
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APPENDIX F ATES TEST WELL DEVELOPMENT LOG 


F-1 


Pp ANDREWS, HAMMOCK, & POWELL INC 


AH 250 Charter Lane, Suite 100 
Macon, Georgia 31210 

———aEae 

CONSULTING Telephone: (478) 405-8301 


ENGINEERS Fax: (478) 405-8210 


Well Development Log 


Ft Benning 
Columbus, Ga 


March 2013 


Water Chemistry 


Water Chemistry 


Well Date Time Temp PH Ms/Cm NTU mg/LDO %DO Notes 


BH1 W 2.11.13 All Horiba meter readings 
| 250{ 17.92] 7.23] 0.297] 115] 9.69] __—105.6| 
| 340[_—ts.79] 7.04] 0.319] 129] 8.85] 98 
ae (eect | eee ea ee ee eee 
2.21.13 
Ftoxo| _i7.75|__7.03| _o2ea]_9.a|_1.6|__17.3 
[io20f 1836] 7.06] 0280] oa] 1.35| 148 
ae (Rea | (Ream sy FP | | 
2.25.13 
| 1215{ 14.59] 7.01] 0.307] 9.8] 469] 44.6 | 
a I = = 
2.27.13 
| 10:25[ 18.15] 7.04] 0.283] 9.7] 0.73] 


Water Chemistry 


Well Date Time Temp PH Ms/Cm NTU mg/LDO %DO Notes 


BH1B ~—‘:11.20.12 |N/A N/A Hanna Meter 
ae ay Sa ae es ee 

11.20.12 |N/A INA | 84] sal TNA Horiba Meter 
ee rel co eae Wes es ee el ae ee = aed 

2.11.13 1:48 Horiba Meter 
1:58 
2:08 
2:18 
2:28 
2:38 
aes ees ee ee | ees eee 

2.21.13 11:15 Horiba Meter 
11:25 
11:35 
11:45 
aS |e ee | es ee 

2.25.13 10:25 14.4|Horiba Meter 
10:35[13.03| 6.96] 0.292] 476] 219.5) 
10:45 
10:55 
11:05] 11.57] 6.9] 0.304] 25.7] 0.92] 8 
11.15 
11:25 
fee eee ee 

3.1.13 9:15 81.1|Horiba Meter 
9:25 
9:35 
9:45] 12.04] 6.66| 0.258] sal _5.8i| 55.3 

9:55 Meter turned off 

ae a ee ee eee eee 

3:45 11.9|Horiba Meter 
3:55 
4:05| 16.98] 7.13[ 0.325] 141] ee] 7, 
4:15 


Water Chemistry 


Well Date Time Temp PH Ms/Cm NTU mg/LDO %DO Notes 


BH1C =: 11.20.12 |N/A N/A Hanna Meter 
a a eee |e ee eres) 

11.20.12 |N/A INA | 76]0.362] iS 1.23] N/A Horiba Meter 
es es es se 

2.6.13 2:06 111.7|Horiba Meter 
2:13 
223, 25.93| _6.97| 0.348] 66| 0.61] 7.9 
2:33[ _27.09[ 6.96| 0.35| 60] 056] 7.7 
2:43 
253[ _255| _6.96| 0351] 9.7] 036] 4a 
3:03 


2.8.13 10:15 31.4]Horiba Meter 
10:25 
10:35 
10:45 
10:55 
11:05 

14:15 Meter turned off 

11:25 
a eS A 

2.11.13 9:55 Horiba Meter 
10:05 
10:15 
10:25 
10:35] 19.17] 7.07] 0.34] T8903 
10:45] 19.05] 7.06] 0.341] 7.77 86.2 
Ea (eee eee | eee en 

2.27.13 1:30 91.5]Horiba Meter 
1:50 
2:00 
2:10 
2:20 
2:30 


Water Chemistry 


Well 
BH1D 


Date 
12.4.12 


2.1.13 


2.27.13 


Time 


Temp PH Ms/Cm NTU mg/LDO %DO Notes 


9:15{ 16.7 8.36] 0.419] 6.48| 68.6 [Horiba Meter 
9:20[ 16.98] 8.35] 0.46] | .05| 04.5 | 
9:25{17.43[ 8.35] 0.42] 5.77 62.2 
9:30[ 18.13] 8.35] 0.406] 5-471 59.9 
aoa: eee eee Tee ee ee) 
1:15 | 25.81 8.6] 0.393] = 195] 7.07] 88.2 Airlift sample cup. Horiba meter 
1:20 N/A Meter turned off 
1:35] 26.46{ 8.59] 0.398] 187] 6.9] 87.2 
140] 26.35{ 8.6] 0.397| 182] 6.92] 87.2 
1:45 
aa rae [| eA ee 
3:45 Airlift sample cup. Horiba meter 
3:50 
3:55 
4:00 
eee Tes ee eee ee ee 
12:50 This row only - Pre Purge reading. Horiba meter 
1:45 | 17.89] 6.86] 0.352] sisi 52] 60.2 Other rows below are Flow cell readings 
155] _17.25| _685[ 0353] of 519| 55.6 
2:05 
2:15 
225[ _172| 6a7| __o35a[_9.9| 479| 514 
2:35 
cera (seam | eee aero eee eeeerel 
11:30 86.1|Horiba Meter 
11:50 
12:00| 21.17[ 6.99] 0.358] 10.3] 147] 17, 
12:10 
12:20 
12:30 


Water Chemistry 


Well 
BH2 W 


Date 
11.15.12 


11.16.12 


2.4.13 


2.5.13 


2.19.13 


2.1.13 


Time Temp PH Ms/Cm NTU mg/LDO %DO Notes 


N/A___|Hanna Meter 
N/A Hanna Meter. Before pump till clear. 
N/A Hanna Meter. After pump till clear. 
hee Spee = elena le Neer cle 
N/A Horiba Meter. Before sand test 
N/A Horiba Meter. After sand test 
eee = eA ee] 
10:45 | 19.2} 7.28] 0.378 iS s9.47] 106.2}Horiba Meter. Bucket test - this row only 
11:00 | 19.16] 6.93] 0.369] ~~ of ~——:1.07] 11.3}Horiba Meter. Flow cell - remaining rows. 
ito] 18.14] 6.92] 0.367] of 73] 8 
11:20] 18.a[ 6.92] 0.367] ef 7.2. 
11:30] 17.09] 6.91] 0.367|_ oft 8S 
11:40] 16.08] 6.9] 0367/7] 
11:50] 15.48] 6.89] 0367/52] 
12:00] 15.46] 6.88] 0.367|_— Off 
fe = = ea 
305| 2356| 7a] _0363[ 0] _9.5| 114 5|Horiba meter 
35[ 21.09] _7| _o.36s[ 0] 429| 49.6 
3:25[ 22.14[ 699| 0367 of 5.al__62.9 
3:35[ 23.46 _7.02| 367 | 5.98| 715 
3:45[ 23.76| _7.02| _o.368| 0] 5.92] 71.4 
355[ 23.39| _7.02| _o.368[ | _5.98| 71.9 
405] 22.66] _7| _o3e7| 0 6.03] 71.6 
a ee ee ee Ee 
1:15 Horiba Meter. Pre purge - this row only 
2:12 | 20.39] 7a] —o.3e9] sis] 5.2 Horiba Meter. Flow cell - remaining rows. 
2:22] 21.89] 7|_ 0.369] fs] 87, 
2:32 
2:42| 22.47[ 6.99] 0.369] tt 
rey (aa ieee eee | ee eee 
1:20 Horiba Meter. Pre purge - this row only 
1:30 | 19.97; 7.05] 0.369] Sit (sisi Horiba Meter. Flow cell - remaining rows. 
1:40] 18.88] 6.99] 0.369] |g] 
1:50] 18.13] 6.9] 0.369] a] 


Water Chemistry 


Well 
BH2 B 


Date 
12.4.12 


2.5.13 


2.18.13 


3.1.13 


Time Temp PH Ms/Cm NTU mg/LDO %DO Notes 


Sample cup. Horiba meter 
[0:00 26.49] 7.95] _0.343| 221] 6.7] 8a 


Pan0s|N7A NAINA [7A [NA _[NJA_|Meter turned oft 
ff 
P—s5[_2436[ 7.85 0315| 103] __04| __49|Horiba meter 
[~~ 3:00[ 24.77[7.86| 0.315| 17a[ 036 4.4 
P3:05[2497[ 7.86 0314] _178[ 033] 4 


Ae] (ASN NS CEES (SRS! S(T] 
Ti2|Horiba Meter 
[—1:05[ 24.82] 7.06 02a] a[_3.7| a6. 


a Pe | | | | 

Horiba Meter. Pre purge - this row only 
Horiba Meter. Flow cell - remaining rows. 
ed 

0} 148i} _7.24/ 0.40%} _39.9]__8.7} _88.7 Horiba Meter. Pre purge - this row only 
250 i7saf 7.280.333} ate} __0.6| __ 6 Horiba Meter. Flow cell - remaining rows. 
10100) 1629] _7.27/_ 0.332} _26.1] 0.51} __s. 


0.331 21.8 


Water Chemistry 


Well 
BH2 C 


Date 
11.20.12 


2.4.13 


2.6.13 


2.19.13 


3.1.13 


Time Temp PH Ms/Cm NTU mg/LDO %DO Notes 


Horiba meter 


[ee at ee 
P235[ta7| 727] 0208] 0] 11.94] _119.9|Horiba Meter. Pre purge - this row only 
| 2:43] 17.76] ~~ 7.53[ 0.365] —sisi83.36] (90.3) Horiba Meter. Flow cell - remaining rows. 
F253] 16.93] 7.25] 0365] of 9.57] __102.4 

[30a _16.26| _7.08| 0.366] 0] 0.22] _107.7 
fazaf_1asol 7] o.a65| of 10.39] 105.6 
[asal_14.7a| 698 0.266] 0] 10.28] 105.2 
[aaal1a.s9[ 6.98| 0.366] of 10.34] 105.7 

P_asal 14.66] 6.96| 0.266] _o| 10.3] 1049 

es as ees ee Set eee ee! 


[sao] i66i| 712] _0366[ 0 _10.66| _112.5]Horiba meter 
[330] 17.84| 699| 0.368] of 07] 733 
[sol _17.12[ 697] _0.366[ of 03] 617 
[sso] 167i] 697] o366[ of ose 
[—to.00 16.68[ 697] 0.366] of 05a] a3 
[100] 1697[ 698] o.366[ of oa] 5.1 
[10:20 189[ 697] 0.366] of oa] 5.3 
be Sed ee ed 


| atsis] 17.95] 7.07] 0.373] | 1.25| _13.5|Horiba meter 

| 11:25] 16.63] 6.98] 0.374] .72| 7.6 

| 11:35] 15.99] 6.95] 0.369] 638 

| 11:45] 16.03] 6.95] 0.369] sa] 

a a) a 

Horiba Meter. Pre purge - this row only 
| =. 2:40] 19.03} = 7.14[ 0.37] sii] Horiba Meter. Flow cell - remaining rows. 
F250) 1857} 7.01} oa7| of _—oal——a.a 


[3:00 _183[ _69s[ 0309] of 033] 3.6 


Chronological Well Log 


11/15/12 @ 8:15 AM 


e BH-#1 static water level before sectional pumping or airlifting 
O Pipe A = 48’-3” 
O Pipe B = 49’-0” 
O Pipe C = 46’-0” 
O Pipe D = 46’-9” 


8:25 AM 


e BH-#1 GPM during sectional pump of Pipe A (pumping of section 170’ — 175’) 
Oo Pipe A=6GPM 


8:30 AM 


e BH #1 GPM during airlift of Pipe C until clear simultaneously with sectional pumping of Pipe A 
Oo PipeC=5GPM 


9:08 AM 


e Measured water level @ BH #1 during airlift of pipe C and sectional pump of pipe A 
O Pipe-A = 102’-0” 
O Pipe B = 102’-6” 
O Pipe C= 100’-0” (Measured with airlift off due to inaccessibility of well during airlift) 
O Pipe D = 72’-0” 


9:25-9:30 AM 


e Measured GPM at BH #1 
O Pipe A=1.8 GPM 
oO PipeC=5 GPM 


9:34 AM 


e Rechecked water level at BH #1 
O Pipe A=102’-0” 


9:35 AM 
e Turned air off to pipe C @ BH #1 
10:10 AM 


e Measured GPM at BH #1 during sectional pumping of pipe A (no airlift of pipe C) 
Oo Pipe A=3.3 GPM 


10:12 AM 


e Measured water level at BH #1 during sectional pumping of pipe A (no airlift of pipe C) 
O Pipe A=99’-9” 
O Pipe B = 100’-4” 
O Pipe C=71’-0” 
O Pipe D=61’-0” 


11:00 AM 


e Measured GPM at BH #1 during sectional pump of pipe A 
O Pipe A=3.3 GPM 


11:05 AM 
e Moved sectional pump at BH #1 down pipe A to 175’ — 180’ 
11:10 AM 


e Measured GPM at BH #1 during sectional pump of pipe A 
O Pipe A=8.3 GPM 


11:12 AM 


e Measured water level at BH #1 during sectional pump of pipe A 
O Pipe A = 103’-0” 
O Pipe B = 92’-0” 
O Pipe C=71’-0” 
O Pipe D=58’-6” 


12:58 PM 


e Measured GPM at BH #1 while sectional pumping pipe A 
O Pipe A=5 GPM 
e Measured water level at BH #1 while sectional pumping pipe A 
O Pipe A=105’-4” 
O Pipe B = 106’-0’ 
O Pipe C=71’-0” 
O Pipe D = 58’-6” 


1:15 PM 
e Lowered sectional pump of BH #1 pipe A to 180’-185’ 
1:20 PM 


e Measured GPM at BH #1 while sectional pumping pipe A 
Oo Pipe A=3 GPM 


1:30 PM 


e =Restarted airlift at BH #1 for pipe C and measured GPM 
O PipeC=5GPM 


2:00 PM 


e Measured GPM at BH #1 while sectional pumping pipe A and airlifting pipe C 
Oo Pipe A=1.7 GPM 
Oo Pipe C=4.5 GPM 


2:15 PM 


e Measured water level at BH #1 sectional pumping pipe A and airlifting pipe C 
O Pipe A= 109’-6” 
O Pipe B =85’-0” 
O Pipe C= 110’-0” (Measured with airlift off due to inaccessibility of well during airlift) 
O Pipe D=74’-3” 


2:30 PM 


e Turned off airlift at pipe C. 


2:30 PM 
Stopped 48 Hr Pump test at BH #2 and measured GPM and temp, took water sample. 


e 4” well =92 GPM 
e Water Temp = 68.5° F 


5:15 PM 


e re-measured new water sample from BH #2 after 48 hr pump test 
O 68.5°F 
O PH=7.5 
Oo MS=.37 
O Ppt=.18 
e Note: BH #2 water sample before pump until clear 
O 68.5°F 
O PH=7.63 
Oo MS=0.44 
O Ppt=0.2 
e BH#2 after pump until clear 
O 64.4°F 
O PH=7.42 
Oo MS=.37 
O Ppt=.2 


11/16/12 
10:52 PM 


e Measure water level at BH #1 
O Pipe A=49.5’ 
O Pipe B=49.9’ 
O Pipe C= 47.0’ 
O Pipe D= 46.9’ 


12:14 PM 


e Measured water level at BH #1 
O Pipe C=7.5 GPM 


1:52 PM 


e = Started airlift of Pipe D at BH #1 and measured GPM 
O PipeD=8GPM 


2:17 PM 


e Checked water level at BH #2 before sand test. 
O Pipe W = 48.0’ 
O Pipe B=41.5’ 
O Pipe C= 48.4’ 


2:47 PM 


e Measured water sample at BH #2 before sand test 
O 20.2°C 
O PH=7.5 
Oo MS=0.34 
O Ppt =0.16 


3:15 PM 


e Started sand test at BH #2 and monitored GPM for entire duration with ultrasonic meter 
O 29 minutes 35 seconds @ 90 GPM 


3:40 PM 


e Measured water level at BH #2 before the end of the sand test. 
O Pipe W = 117.9’ 
O Pipe B= 41.0’ 
O Pipe C= 105.0’ 


3:54 PM 


e Measured water sample at BH #2 after sand test 


O 
O 
O 
O 


4:30 PM 


20.2°C 
PH=7.3 
MS = 0.34 
Ppt = 0.17 


e Stopped airlift at BH #1 on pipe C & D water is still muddy. 


11/19/12 
9:10 AM 


e Water level at BH #1 
O Pipe A= 48.3’ 
O Pipe B= 48.3’ 
O Pipe C= 45.5’ 
O Pipe D= 44.5’ 
e GPM at BH #1 
Oo PipeC=6GPM 


O PipeD=11GPM 


11:03 AM 


e Water level at BH #1 
Oo A=66.0’ 
oO B=66.0’ 
Oo C=114.5’ 
o D=96.0’ 


1:43 AM 


e Water level at BH #1 
Oo A=68’ 
Oo B=68.8’ 
oO C=120.0’ 
o D=98.0’ 

e GPM at BH #1 
Oo C=3.1GPM 
o D=6GPM 


3:42 


e Water level at BH #1 
Oo A=67’ 
Oo B=67.6’ 
Oo C=120.6’ 
Oo D=102.6’ 

e GPM at BH #1 
Oo B=5.9GPM 
Oo C=3.9GPM 


11/20/12 
8:45 AM 


e Water level at BH #1 
Oo A=87.0’ 
Oo B=126.4’ 
Oo C=87.0’ 
Oo D=75.3’ 
e GPM at BH #1 
Oo B=1GPM 
Oo C=6GPM 


9:18 


e Water sample readings 

Hanna Meter 

oO B=MS-1.53/.76 Ppt / 20° C/ 8.46PH 

O C=.43MS/0.17 Ppt / 20° C/ 8.2 PH 
Horiba Meter 

O C=7.6 PH/-58 PHMP / 286 ORPmV / 0.362 MS per cm / 0 NTU / 11.13 MG/L DO / 0.235 
G/LTDS / 0.2 PPT /O ot 
B= 8.14 PH / -89 PHMP / 1450RPmvV / 1.54 MS per cm /0 NTU / 7 MG/L DO / 0.983 G/T 
TDS / 0.8 PPT / Oot 


8:50 AM 


e  Restarted airlift of pipe B at BH #2 and measured water level for Pipe W & B 
oO. Pipe W =39.7’ 
O Pipe C= 39.3’ 
O Pipe B=10 GPM (Airlift in progress) 


9:46 AM 


e Re-measured water level at BH #2 with airlift of pipe B in progress and before purging of pipe W 
O Pipe W=39.5 
O Pipe C=39.5 


9:55 AM 


e Started purging of pipe W and measured GPM (Note loggers are at 230’ for pipe W & C) 
O Pipe W=8 GPM for 1Hr 43 Min 
O PipeB=10GPM 


10:20 AM 


e Measured water level at BH #2 while airlifting pipe B and purging pipe W 
O Pipe W = 42.9’ 
O Pipe C= 42.9’ 


10:45 
e Started clay test for pipe W at BH #2 
11:50 AM 


e Measured GPM of pipe W at BH #2 and stopped purge 
O Pipe W=7.5 GPM 


12:15 PM 
e Started flow cell water quality test for pipe W at BH #2 
1:00 PM 


e Recorded water quality at BH #2 
O Pipe W =19.89° C/ 7.48PH / -24PHmv / -65 ORPMV / 0.328 MS/CM / ONTU/ 0.58 
MG/LDO / 6.0 % DO / .213 g/L TDS / 0.2PPT / 0 Sigma T 


1:20 PM 


e Pulled pump from Pipe W and put down pipe C at BH #2 


1:45 PM 


e Measured water level at BH #2 while airlifting pipe B and before purging of pipe C 
O Pipe W = 39.8’ 
O Pipe C= 39.8’ 


1:48 PM 


e Started purge of pipe C at BH #2 while still airlifting pipe B 
O Pipe C=8GPM for 5 Minutes 


2:03 
e Started flowcell test of pipe C at BH #2 while airlifting pipe B 
2:05 


e Retrieved water sample from BH #2 pipe B during airlift, water is slightly opaque. (Air 
compressor is low on fuel) 


2:27 PM 


e Measured water quality at BH #2 
O Pipe C 20.39° C / 7.51 PH / -26 PHMV / -52 ORPMV / 0.339 MS/cm / 0.4 NTU / 0.38 
MG/L DO / 4.3 % DO / 0.220 g/I TDS / 0.2 PPT / 0.0 Sigma T 


2:50 PM 


e Removed pump from pipe C and inserted into pipe B at BH #2 (Pump is at 165’ / top of screen is 
175’ / logger is at 155’) 


2:55 PM 


e Measured water level at BH #2 
O Pipe B=53.0’ 


3:12 PM 


e Started pump til clear using Grundfos pump in pipe B at BH #2. (Note: Generator trips overload 
at 20 amps when VED is at 400 Hz. We turned VFD down to 321 Hz and generator was pulling 11 
Amps to eliminate tripping. Probable cause of additional amps from pipe C to pipe D is likely due 
to dirty water.) 


oO. Slightly clear water sample after airlifting, and muddy water sample at the beginning of 
pumping with the Grundfos Pump. (Not sure of why water gets dirty after sitting for a 
while.) 


11/30/12 
7:30 AM 


e Measured water level at BH #2 with no pumping. (small generator appears to have run for 
approx 6 Hrs pumping pipe B and is out of gas) 
O Pipe W = 39.5’ 
O Pipe B= 44.3’ 
O Pipe C= 39.4’ 


7:45 AM 


e Connected Grundfos to big Gen Set and the GFCI receptacle trips. Reconnected Grundfos to 
small generator and water pumped clear for approx 3 minutes then got muddy again. Amps 
increased to 20 and small generator tripped overload. Turned VFD down to approx 375 HZ and 
water is still very muddy from pipe B at BH #2. (VFD fault code: DC Bus Low) 


9:00AM-10:00 AM 

e Trip to Lowes 
10:00 
2:00 PM 


e Restarted grundfos pump of pipe B at BH #2 
O Pipe B= 32.6’ 


2:05 PM 
e Grundfos stopped pumping 
2:10 PM 


e Restarted Grundfos Measured water level at pipe B 


O Pipe B = approx 130’ and drops to pump level at 165’ within a couple of minutes, flow 
stoped. Stopped pump and flushed with fresh water. 


Close up view of pump going dry at BH #2 pipe B on 11/30/12 


psi 


10:20:00 AM 10:40:00 AM 
11/30/12 10:12:23.362 AM GMT-05:00 


Ft Benning BH#2-C-SN10137380 


11:00:00 AM 


11:20:00 AM 


—Abs Pres, psi 


11:40:00 AM 
11/30/12 11:49:44.285 AM GMT-05:00 


Ft Benning BH#2-C-SN10137380 


Logger is at 155’ 


Honda ran out of 375 Hz on Honda 400 Hz on AH&P 
— fuel here. while at Lowes Gen Set, well is 


pumping dry. 


321 Hz on Honda 


psi 


06:00:00 PM 12:00:00 AM 06:90:00 AM 
11/29/12 01:50:07.331 PM GMT-05:00 11/30/12 11:49:44.285 AM GMT-05:00 


12/3/12 
8:30 AM 


e Put 50 Gallons of diesel into compressor (Not quite full) 
e =Restarted airlift at BH #1 Pipe B & C after weekend. (Airlift ran on fri. night until compressor ran 
out of fuel) 
e Took water sample from pipe C & D at BH #1. (C & Dran clear for approx 2 minutes then became 
muddy again) 
e Measured GPM at BH #1 
O PipeC=5 GPM 
O PipeD=10GPM 


9:45 AM 


e Took water sample at BH #1 Pipe C & D. (Water is slightly clearer) 


10:00 AM- 11:00 AM 


e Inserted Grundfos pump into pipe B at BH #2 and measured depth of well 
O Pipe B=185’ Deep 

e Raised pump to 170’ 

e Measured water level at BH #2 
O Pipe B=27.9’ 

e Lowered probe to 77.9’ 


11:14 AM 


e Started Grundfos at 301 Hzin Pipe B of BH #2. 
e Measured GPM and monitored water level indicator. 
O PipeB=4GPM 


11:15 AM 
e Water level in pipe B at BH #2 reached 77.9’ 
11:18 AM 


e Water level in pipe B at BH #2 reached 120.0’ 
e Water level indicator hanging up on PEX unable to drop down 


11:20 AM 
e Water stopped flowing, shut pump off. 


11:25 AM 


e Recovery of pipe B at BH #2 (Based on recovery we should only be able to pump at a rate of 
approx .3 GPM__ 
Oo 11:25AM-81’ 
11:27 AM - 76.6’ 
11:30 AM — 67.8’ 
11:32 AM — 63’ 
11:51 AM — 42.4’ 


oo0 0 


12:00 PM -1:00 PM 
e Lunch and Diesel Run. 
1:00 PM 


e Poured in 27 gallons into compressor (Gauge was reading empty before filling, gauge is not 
correct.) Compressor is now full. Took Water Sample at BH #1 Pipe C & D. 


1:22 PM 


e Measured water level at BH #2 
O Pipe B = 40.9’ 


1:33 PM 


e Started Grundfos at BH #2 pipe B at 220 Hz (too fast well probably is drawing down quickly.) 
Quickly turn VFD down to 185 Hz 
O Pipe B=approx .5 GPM 
e Retrieved water sample at BH #2 Pipe B 


1:37 PM 


e Monitoring water level at BH #2 Pipe B. 
O 1:37 PM -66.7’ 
O 1:39 PM -67.7’ 
O 1:46 PM - 68.3’ 


1:48 PM — 1:53 PM 


e Increased VFD to 209 Hz at BH #2 pipe B and measured flow 
Oo PipeB=1GPM 


1:54 PM 


e Monitored water level at BH #2 Pipe B 
O 1:54 PM - 78.4’ 
O 1:58 PM - 78.8’ 
O 2:04 PM — 78.8’ 
O 2:08 PM - 78.0’ 


2:10 PM 


e Increased VFD at BH #2 Pipe B to 231 Hz 
O PipeB=2 GPM 


2:12 PM 


e Monitored water level at BH #2 Pipe B 
O 2:12 PM-85.0’ 
O 2:14PM -86.9’ 
O 2:21 PM- 86.9’ 
O 2:28 PM-85.6’ 


2:18 PM 


e Re-measured flow at BH #2 
Oo Pipe B-1.8 GPM 


2:30 PM 


e Increased VFD at BH #2 Pipe B to 251 Hz 
O Pipe B=2.5 GPM 


2:33 PM 


e Monitored water level at BH #2 Pipe B 
O 2:33 PM-92.5’ 
O 2:40 PM- 98.5’ 
O 2:50 PM — 97.6’ 


2:53 PM 


e Re-measured flow at BH #2. 
O Pipe B-—2GPM 


3:15 PM 


e Monitored water level at BH #2 Pipe B 
O 3:15 PM-97.6’ 
O 3:40 PM — 99.0’ 


3:45 PM 


e Took water sample at BH #2 Pipe B 


3:49 PM 


e Re-measured flow at BH #2. 
O PipeB=1.6 GPM 
e Monitored water level at BH #2 Pipe B 
O 3:49 PM - 106.5’ 
O 3:54 PM — 112.0’ 
O 4:11 PM- 111.6’ 


4:20 PM 


e Topped off the air compressor with diesel 
O Added 13 gallons (compressor is full) 
e Took water sample at BH #1 for Pipe C & D 


4:27 PM 


e Monitored water level at BH #2 
O 4:27 PM— 109.0’ 
O 4:33 pm - 108.0’ 


12/4/12 
8:10 AM 


e Took water sample from BH #2 Pipe B and measured water level (Pump ran all night at 251 Hz 
and approx. 1.6 GPM) 
O Pipe B=114.0’ 


8:20 AM 
e Put 50 gallons of fuel in compressor after it ran out of fuel last night. 
8:45 AM 


e Took water sample from BH #1 and measured flow. 
O Pipe C-—2.5 GPM 
Oo PipeD-—5GPM 


9:00 AM 


e Set up water meter to monitor water quality of pipe D as it clears throughout the day while 
airlifting. (Measuring quality of water pictured above) 


mg/L |% | g/L 

Time °C PH pHmvV | ORPmvV | mS/cm | NTU | DO DO | TDS ppt | ot 
9:15 

AM | 16.7 | 8.36 -75 164 | 0.419 0 6.48 | 68.6 | 0.272 | 0.2 | O 
9:20 

AM | 16.98 | 8.35 -74 169 | 0.416 0 6.05 | 64.5 0.27 | 0.2 | O 
9:25 

AM | 17.43 | 8.35 -74 174 | 0.412 0 5.77 | 62.2 | 0.267 | 0.2 | O 
9:30 

AM | 18.13 | 8.35 -74 178 | 0.406 0 5.47 | 59.9 | 0.264 | 0.2 | O 
Notes: Sample from airlift using sample cup 


9:40 AM 


e Got water sample from BH #1 Pipe C & D and set up meter to monitor water quality of pipe D. 


mg/L % g/L 

Time °C PH pHmvV | ORPmV | mS/cm | NTU | DO DO | TDS ppt | ot 
10:05 800 

AM | 22.17 | 8.6 -90 142 | 0.417 | (1) 4.35 | 51.3 | 0.271) 0.2} O 
10:10 800 

AM | 22.72 | 8.59 -90 146 | 0.417 | (1) 4.27 | 50.7 | 0.271 | 0.2} O 
10:15 800 

AM | 23.32 | 8.58 -90 150 | 0.422 | (1) 4.58 55 | 0.274 | 0.2} O 
10:20 800 

AM | 23.82 | 8.57 -89 153 0.49 | (1) 4.49 | 54.2 | 0.272 | 0.2} O 
Notes (1)Parameter is flashing, possible high limit range 

Sample from airlift using sample cup 


10:28 AM 


e Measured water level at BH #2 and took water sample. 
O Pipe B= 113.0’ 


mg/L | % g/L 

Time °C PH pHmvV | ORPmV | mS/cm | NTU | DO DO | TDS ppt | ot 
10:50 

AM | 25.26 | 7.96 -53 146 | 0.328 234 7.1 | 87.9 | 0.213 |} 0.2] O 
10:55 

AM | 25.79 | 7.95 -53 153 | 0.333 225 7.02 | 87.7 | 0.217 | 0.2) O 
11:00 

AM | 26.49 | 7.95 -53 158 | 0.343 221 6.87 | 86.8 | 0.223 | 0.2] O 
11:05 

AM | (1) (1) | (1) (1) (1) (1) (1) (1) | (4) (1) | (1) 
11:29 

AM | 27.34 | 7.96 | -53 175 .348 160 6.78 86.6 | .226 2 |0 
Notes Sample from Grundfos Pump using sampling cup 


(1) Meter went off for unknown reason. After meter turns off it takes 15 minutes to 


stabilize again. 


12:50 PM 
e Put 28 gallons of fuel in air compressor, air compressor is now full. 
12:55 PM 


e Took water sample at BH #1 Pipe C & D and started water quality test for pipe D. 


mg/L | % g/L 
Time °C PH pHmvV | ORPmV | mS/cm | NTU DO DO | TDS ppt | 2t 
1:15 
PM | 25.81) 8.6 -91 155 | 0.393 195 7.07 | 88.2 0.256 | 0.2) O 
1:20 
PM | (1) (1) | (2) (1) (1) (1) (1) (1) | (4) (1) | (2) 
1:35 
PM | 26.46 | 8.59 | -91 168 0.398 | 187 6.9 87.2 | 0.259 0.2 | 0 
1:40 
PM | 26.35 | 8.6 | -91 169 .397 182 6.92 87.2 | .258 2 |0 
1:45 
PM | 26.23 | 8.59 | -91 171 .398 177 6.95 87.4 | .258.20 
1:50 
PM | (1) (1) | (2) (1) (1) (1) (1) (1) | (4) (1) | (2) 
Notes Sample from airlift using sampling cup 
(1)Meter turned off for unknown reason, battery level indicator is full. Waiting 15 
more minutes for readings to stabilize. 


1:20 PM 
e Topped off AH&P Genset with 9 gallons of fuel. (Burned approx 9 gallons in 26 Hrs) 
2:00 PM 


Attempted flowcell water quality reading at BH #2 with Grundfos. Turned flow down from 1.6 GPM to 
0.1-0.5 L/min. As well begins recovery the flow steadily increases and therefore the VFD needs to be 
turned down periodically to maintain 0.1 — 0.5 L/min. This process takes at least 40 minutes- 1 Hr, and 


we feel that the time would be better spent by measuring water quality using the sampling cup instead 
of the flowcell. This allows the well to flow at max rate for longer, instead of flowing at a very low rate 
for approx. 1 Hr just to get 1 sample reading. 


2:38 PM 


e Started flowcell reading of Pipe B at BH #2. 


mg/L | % | g/L 
Time °C PH pHmvV | ORPmV | mS/cm | NTU DO DO | TDS ppt | ot 
2:55 
PM | 24.36 | 7.85 | -47 -26 0.315 163 0.4 4.9 |0.205 | 0.1 | 0 
3:00 
PM | 24.77 | 7.86 | -47 -22 .315 172 .36 4.4 | .205 sl 0 
3:05 
PM | 24.97 | 7.86 | -47 -18 .314 178 33 4.0 | .204 1 0 
3:10 
PM | 25.11 | 7.87 | -48 -13 .314 171 .29 3.6 | .204 1 0 
Notes | Sample from Grundfos using flowcell. 


3:30 PM 


e Took water sample from BH #1 pipe C & D, and started water quality test for pipe D. 


L = 
mg/L | % g/L 

Time °C PH pHmvV | ORPmV | mS/cm | NTU DO DO | TDS ppt 

3:45 

PM | 22.02 | 6.87 | -6 219 0.163 | 135 7.24 85.2 | 0.105 | 0.1 

3:50 

PM | 22.04 | 6.86 | -1(1) | 222 .161 132 7.26 85.3 | .105 i 

3:55 

PM | 22.21) 6.7 | 15 233 .161 121 7.22 85 .105 1 

4:00 

PM | 22.34 | 7.06 | 32 221 .163 114 7.16 84.5 | .105 1 
Notes Sample from airlift using sample cup. 

(1) Data is ranging from -6 to +32 


3:45 PM 


e Topped off air compressor. 


Comparison 


e BH #1 from start to finish on 12/4/12 


e BH #2 from start to finish on 12/4/12. (After sampling at low flow with flowcell water became 


muddy again after resuming pump to 2 GPM.) 


Airlifting of BH #1 
_—COC“#ESSNNNNC#C#C*@PIDCA) [Pine ® [PipeC [Piped _| 
a ee 


static Waterlevel SSC~—CSCSCSC~iSSC‘ SCG] CG] CTS 

Tota Lift @ Static Woterteve as] aa a6 a5 

cFMappled to wellat State Waterers} os] rafter ss 
aPMProduced—SSSCSC~—SSSSCTSCSC“‘~*‘“YCN*C“C#‘*CS‘A'CON”C#C‘#*SW!™COW*C‘éwW 
a 

InitialDrawdown i ss—(i‘“‘“<‘<i‘isS~*~*™d Drawdown +35 a5 —azu- ae 

GPM/ft Drawdown | at] 0.09] 0.09] 0.2 

Total Lift @ Initial Drawdown CTS 02] 102] 10] 

CFM applied to well at InitialDrawdown | AL -7| 8.2] 4.8 [Total CEM 22.8 
IGPMProduced Cid CC TT 
ee ee et 


Maximum Drawdown 


[___a20[ 434/160] 190 


[GPM per CFM at Optimum Drawdown ——=—S~S~SSSCSCtACCt ACC 
B0.0|Total CFM 141.7 
oPMProduced ——SSCSC~SC“—sS~—~iSSCSC~—‘iYSC*C‘“‘“‘iYCONSC‘édSYSC*C*éa 


Notes (1) Air fitting is at the top of the screen 


Airlifting of BH #2 


GPM BrOgUESS 


—— 
Minimum Air Pressure Required at Static Waterlevel ‘| —~+dY~—SC~sSCti |S 
aA (ST 
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[sPM/feDrawdown SSCS | Sid Sid Cl 
Total it @ initial Drawdown ——SCS~S—SSSCidSCi CS 
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Ce | 


Minimum Air Pressure Required at Optimum Drawdown PT 12.99 fF 


Notes 


BH#1 pipe c GPM per CFM during airlifting. 2.4.13 


On/Off —_|Water level [GPM Raw CFM |PSIG Temp SCFM Top of Screen {Length of Airline |% Submersion |GPM per CFM 
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Interpolated Data 


BH#2 pipe b GPM per CFM during airlifting 2.4.13 
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Notes: Interpolated Data 
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BH#1 pipe w GPM per CFM during airlifti 
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On/Off Water level GPM Raw CFM IPSIG = |Temp°F | SCFM Top of Screen Length of Airline % Submersion GPM per CFM 
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Notes: * 2" eductor pipe used 
Interpolated Data 
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69.33% 
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64.98% 
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60.51% 
58.28% 
56.05% 
53.81% 
51.58% 
49.35% 
47.11% 
44.88% 
42.65% 
40.41% 
38.18% 
35.95% 
33.71% 
31.48% 
29.25% 
27.01% 
24.78% 


0.78 
0.33 
0.33 
0.17 
0.19 
0.29 
0.23 
0.21 
0.24 
0.19 
0.19 
0.17 
0.20 
0.16 
0.19 
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Borehole 1 Pipe W 


4.5 gpm 275hz 


rime [e __ pH [pam _[ORPmv _[mS/em [NTU [mg/IDO [DO |e/MTDS_[ppt___[ot__] 


Left 1W pumping at 4.5gpm for 48h on/off test. 
Pumped 8 55g drums of water with aqua clear down hole using pex to tremmie down to the top of the screen 


Air surged from 10psi to 30psi going up as slowly as possible in increments of 5psi X5 and holding for Smins each 
Left W on 48h on/off test all weekend 


Pumped 4 55g drums of water with aqua clear down hole using pex to tremmie down to the top of the screen 
Air surged from 10psi to 20psi going up as slowly as possible in increments of 5psi X5 and holding for Smins each 
During air surging W, water comes out of B around 5psi. Screwed cap onto B to prevent this. 

Left aquaclear for 24h in the well 


Pumped 1W wide open at 7gpm for 80mins and left for 48h on/off pumping. 


Pumped 4 55 gallon drums with aquaclear down W. Air surged 10-25psi and let sit over night. 


Pumped 1W for 2 hours and left 1B pumping all weekend 


Left 1W pumping for 48h on/off test 
*Bubbles coming out, water sputtering for 10 seconds, water got murky for 20 seconds, NTUs shot up. 


fean13 | rime [© [ph ___[pAmv _[ORPmv [ms/em NTU [mg/IDO [~DO_[e/IT05_[pot___[ot__| 


Pumped 1 55g drum of water with aqua clear down hole using pex to tremmie down to the top of the screen 
Air surged from 10psi to 20psi going up as slowly as possible in increments of 5psi X5 and holding for Smins each 
Left aquaclear for 24h in the well 


Pumped 1B wide open. 


Pumped B almost dry to trimmie 1 55 gallon drum of water with aqua clear down B then 4 55 gallon drums with aquaclear down W. 
Air surged both 10-25psi and let W sit over night. 
1B pumped overnight 


Pumped 1W for 2 hours and left 1B pumping all weekend 


Meter turned off. 


Left 1B pumping all weekend on/off pumping. 


Borehole 1 Pipe C 


Initial height of 52.7, Purge began at 1:15 pm 


a CC 
[_—zena| 67] 30] seal oss] teal 9a] oie] oa] ol 


Time 
2.6.13 2:06 
2:13 


2:23 


2:33 
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2:53 


3:03 


10:25 
10:35 
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10:55 
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P11 
11:25 


esa] 73] so] 35] —a2si} 363] 24] 25.6] 168] oa] ——o 
P—asa6[_7.i] 38] 37] _o2a| 39.6] 3.06 30a| 062] oa] 0 
P—ass3[_7aa] a8] 32] _o2aal 35.7] 226 22.3 oaei| oa] 0 
P—asa2[ 7a] a8] __28| _o2a7| 259] 186] 191[ oaei| oa] 0 
P—aaas[— 7a] a8] 25] _o2a6| 19.7] _1.62[ 166| oa] oa] 0 
P—a4s[ 7a] a8] 2a] _o2as|_a76| 147] _15[ oaso| oa] 0 
Pasig 7a]__38] 17] 0.254] 228] 13 133] 0165] oa] 0 


2:20 
2:30 


zara repens] a2 te] asf 0225) oa] ol 
P2a03[ 7.12] a2] t40| 064] tai] 2.2[ _a77| zal oat 0 
P—ars[_7af ai] 120] _o.6a| 14a] __3.62[ 42.1 0220 o2| 0 
22[ 709] 40] 12a] 0.359] 196] 3.33] 301] 02a] 02] 0 


*Meter went off. 


Borehole 1 Pipe D 


Started purge at 12:05 6.7 GPM for 23 min total 153 gallons water level dropped to 148' by 1:00 


c____Ph__Phmv ORPmv _[MiS/em [NTU |mgDO [DO [G/L TDS [Ppt et] 


7.5 gpm purge rate will operate for a run time of 19.3 min 
g/l TDS  |ppt 


Borehole 2 Pipe W 


Started purge at 9:50 8.8 GPM. Water level 38ft. Purging for 30 min. Water level after 38ft 


a A LT 


O}/O/O};O}O0;O};O0/O 
O}O/;O;O}O0;0}0/0 


2.19.13 


[pre purge 


3.1.13 


[pre purge 


Borehole 2 Pipe B 


8.34 gpm initial gom. Purge started at 11:25 am, ran for 45 minutes. Water quality testing began at 12:25 pm 


Time [© ph [pFinw _[OPRmv |ms/em NTU _[mg/DO DO |e/ITOS [ppt [ot] 
m25| 1807] _715| ai] 69] _0.248| 164] 1026] 12] 016i] oa| 0] 
12:35] 2024] __7a| a8] ___2[ _0245| 10] ___7.72| _as| ose] oa) | 
245] _21.35| 7.07] _a6|_ 2 0246| 41] a7] _796|  o16[ oa) | 
12:55| 23.06] __7.06| a5] 6 0.248| 22] sea] 67a _o16i|___oa| | 
105[ 2482] 7.06] __-35[ tal o2aa]____a|__3.77| 462] o.62| oa] 
a5] 2621] 7.06] _-36| __-22| 0.258] 26a 2.15| 27 _0.168| oa] ___ 
125] _2632[ 7.06] _-36| _-20| 261] 2a] 193] 242] 017 oa] 0) 


2B ran for a 48h on/off pump. 


12.18.13 Time Cc pH pHmv ORPmv |mS/cm_ |NTU mg/lDO |%DO g/ITDS {ppt ot 
Pre purge 3:00 19.65 6.91 -30 188 0.772 57 9.08 102.1 0.494 0.4 0 


35 2a.16| _755[ __-e7| _128| _o.329| 20] _57i[ 653] 0.13] o2| 0 
325 2055| _7.35[ __-ss| 142] _o.325| __i79| 538] 61 021i] o2| 0 
335[_203q| 7.32] _-s3[ 143] _0.325| 134] 517| _ses[ oa] _o2| 0 
3a5[ 1999| _725[ -as[__t50[ 0.324] 133] sa] __575[ oma] 02] 0 


3.1.13 Time C pH pHmv ORPmv |mS/cm_ |NTU mg/IDO |%DO g/ITDS  |ppt st 
Pre-purge 9:40 14.81 7.24 -49 120 0.401 39.9 8.7 88.7 0.261 0.2 0 


9s0__1734| _7.29| si] __65| _o33| 416] os] 64[ 0.26] 02| 0 
i0.00| 1629[ 7.27] so] sa] 0.332 26a si] 5. o2ae|__o| | 
10:0] _1556[ _7.28| sa] aa] _0.32[ 2 a7] 4a] o2a6|___o2| | 
1020] 1643| _7.29| si] 3a] 0.332 22.2] 022] a6] o2ie| oa] | 
1030] _169[ 73] 2] __25| _oaaa]___24| 42] 4s| _o2a5| _o2| | 
10-40] _i669[ 73a] 3 47] ossi] aa oa] aa 0.215] 02] 


Borehole 2 Pipe C 


Date 2/4/13 


Started purge at 1:50 8.8 GPM. Water level 38ft. Purging for 30 min. 


2:35 14.7 7.27 -50 206 0.208 0 


mgLbO [DO [GL TS _[Ppt__|st___] 
maa] 1199 o13s| oa] 0 


2.6.13 


12.19.13 


pre purge 


90.3 0.237 0.2 
102.4 0.238 0.2 


107.7 0.238 0.2 
105.6 0.238 0.2 


P353] 14.66) 6.96 sof 149] 0366] 0] 103 10as| 0.238] 02) 0 


105.2 0.238 0.2 
105.7 0.238 0.2 


ioe] as] oe] — 03] —A 


7.3 0.239 0.2 
6.7 0.239 0.2 


0.238 0.2 
= 0.238 0.2 


ns sot as] oo 


0 
0 
0 


7.6 0.241 Ow 
6.6 0.24 0.2 
4 0.2 


% DO 


mg/I DO 


g/| TDS 


ppt 


Notes: 
48h on/off pumping test was not exactly 48h, usually 65-70h for our weekend testing. We also has a variety of 24h testing. 


The on/off pumping test times were changed to 15min on and 20min off to allow the wells with lower yield to recover and to avoid running the pump dry 


The auto off function on the Horiba water quality meter several times activated and turned the meter off during testing. 
When we turn it back on, the meter takes 15mins to 'warm up' again to give us the correct readings, all cases were noted. 


Pre purge was water from the beginning of the purge which was put into a bucket and scooped from the bottom meaning the water was not or had very little exposure to oxygen. 


Aqua clear was added at a 2X ratio. Each 55g drum of water had aprox 700ml of aqua clear added to it. 
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APPENDIX G ATES WELL PUMPING TEST 


13 May 2015 


Memo 


Project: DOD (USA) 

Subject: Interpretation of Pumping Test results and recommendations 
Date: 13 May 2015 

Version: Final draft 

Reference: 60317/TA/20150513 

Author: BD 

Checked by: TA 

Introduction 


At Fort Benning a pumping test was conducted on the test boreholes to investigate the 
opportunities for an ATES system. IF Technology was asked to make an interpretation of 
the pumping test and deduce the suitability of the aquifer for ATES. This memo describes 
the findings. 


Pumping Test Results 


On April 9, 2015 the pumping test was started. During three days groundwater was 
extracted with an average flow rate of 19 m?/h (equal to 84 GPM) from the well screen that 
was installed in borehole #2. Before, during and after these 3 days, the hydraulic head was 
monitored in the well itself and several monitoring wells in boreholes #1 and #2. Figure 1 
shows the locations of borehole 1 and 2. The distance between both boreholes is 164 m 
(537 feet). The measured drawdown for each monitoring point is shown in Figure 2. 
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Figure 2 

Locations of 
boreholes nr. 1 and 2 
(Well 1 and Well 2). 


Figure 1 Fort Benning - Pump Test Results 
FLOWRATE, GPM —— BOREHOLE #2 - WELL #2W —— BOREHOLE #2 - WELL #2C —— BOREHOLE #2 - WELL #2B 
Meastieg (ow rate Sqr BOREHOLEM - WELL #1D ——BOREHOLE#I - WELL #1C —— BOREHOLE#I - WELL #18 


and drawdown : LI a SS SS SS ¥ 
versus date and time. | 

The date and time on 
the left side of the 
graph correspond 
with the start of the 
pumping test. 


20 


15 


Flow Rate, m3/hr 
WU MOp AEG 


4-9-2015 14:05:00 
4-18-2015 23:32:00 [ 


Date/Time (dd/mm/yyyy hh:mm:ss) 
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Figure 3 

Calculated change in 
hydraulic head after 
optimization (line) 
and measured 
hydraulic head 
(Squares) in 
monitoring well 1D. 
Optimization was 
based on 
measurements in 
monitoring well 1D 
only. 
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Interpretation of pumping test 


For the interpretation of the pumping test the ground water modelling software MLU was 
used. MLU was developed for interpretation of pumping tests (more information can be 
found on www.microfem.com). Input that is needed in MLU is: 


1) The setup of the layered aquifer system 


2) 


The setup of the layered aquifer system was deduced from the received data. 
Important is the presence of a clay layer at a depth of 230-235 feet in borehole 1 
and 235-242 feet in borehole 2. The well screen that was used for groundwater 
extraction during the pumping test is situated below this clay layer. Monitoring 
wells 1D and 2C are also situated below this clay layer. All other monitoring wells 
are located above the clay layer. 


Information on the pumping well 
The flow rates that were logged during the pumping test were used to generate 
input for MLU. Furthermore the radius of the casing and the borehole are needed. 


Information on the monitoring wells 

For the analysis a selection was made of the measured drawdown’s in the 
monitoring wells 1D, 2B and 2C. The location of borehole 1 (distance to borehole 
2) is also needed. 


First, the drawdown measured in monitoring well 1D was used for analysis. The fit that was 
found with MLU is shown in Figure 3. 
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Head - time 


_—— Borehole 1 - Piez. D, ayer: 5 
= Borehole 1- Pez. D 


Time [d] 


Figure 4 

Calculated change in 
hydraulic head after 
optimization (lines) 
and measured 
hydraulic head 
(squares) in 
monitoring well 1D 
and 2C. Optimization 
was based on 
measurements in 
monitoring well 1D 
only. 
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Next the fitted model was used to calculate the drawdown in monitoring well 2C and these 
results were compared with the measured drawdown (Figure 4). 


Head - time 


— Borehole 2- Pez. C, layer: 5 
Borehole 1- Piz. 0, ayer: § 
Borehole 2- Piez. C 
= Borehole 1 Piez. D 


Time [d] 


Figure 4 shows that the calculated drawdown for monitoring well 2C is bigger than the 
measured drawdown. The most likely explanation is that the hydraulic conductivity of the 
aquifer is higher near borehole 2 than in the area further away from borehole 2. A possible 
explanation is the removal of fines from the aquifer during well development. This would 
mean that a natural gravel pack has been created during well development, which 
increases the apparent diameter of the well (negative skin). By increasing the borehole 
diameter in the MLU model this effect can be mimicked. A good fit was found for a well 
radius of 5.5 m. This suggests that a natural gravel pack has been formed up to a distance 
of at least 5.5 m from the well. However we cannot be sure that a natural gravel pack 
formed during development of the well. Another explanation could be that the hydraulic 
conductivity near borehole #2 is higher than the average between boreholes #1 and #2. 
Probably both explanations are partly contributing. 
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Figure 5 

Calculated change in 
hydraulic head after 
optimization (lines) 
and measured 
hydraulic head 
(Squares) in 
monitoring well 1D 
and 2C. Optimization 
of the transmissivity 
of the aquifer was 
based on 
measurements in 
monitoring well 1D. 
The increased 
hydraulic conductivity 
near borehole 2 was 
simulated by an 
increased diameter 
of borehole 2. 


Figure 6 

Same as Figure 5, 
but now with 
monitoring well 2B 
added. 
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Head - time 


—— Borehole 2 - Piez C, layer: § 
Borehole 1 Piez.D, layer: § 
mt Borehole 2- Piez. € 
= Borehole 1 Piez. D 


Head [m] 


Time [d] 
Last step was to add a more shallow peizometer in borehole 2 (2B). The measurements 
show that a change in hydraulic head occurs, but according to the model the change in 
hydraulic head is insignificant. It is not possible to decrease the resistance of the confining 
clay layer, without ruining the fit for the deep monitoring wells. Probably the hole that was 
drilled in the confining clay layer was not closed properly (gravel pack at depth of clay 
layer). 


Head - time 


— Borehole 2-Piez. B layer: 2 
— Borehole 2-Piez.C, layer: 5 
— Borehole 1 -Piez. D, layer: 5 

sm Borehole 2 - Piez. C 

= Borehole 2 - Piez. B 

= Borehole 1 - Piez. D 


Head [m] 


-25 t 


Time [d] 


60317/TA/20150513 5 ' 


13 May 2015 


Depending on the depth of the bottom of the aquifer (approximately 400 ft) the average 
hydraulic conductivity according to the model results is between 0.3 and 0.66 m/d for the 
aquifer. The hydraulic conductivity is much lower than was expected based on the M50 
number of the grain size of the aquifer. If we look at the results of the sieve analysis we see 
next to the big grains a significant percentage of fines and silt in the grain size distribution 
curves. This is probably the reason for the relatively low hydraulic conductivity. The M50 
number gives in this case a significant overestimate of the hydraulic conductivity. 


The phenomenon that the calculated drawdown for monitoring well 2C is higher than the 
measured drawdown can also be explained by the presence of fines. The effective 
hydraulic conductivity close to borehole 2 is significantly higher. This can be caused by the 
removal of fines during well development and/or by a locally increased (initial) hydraulic 
conductivity. Unfortunately can not be demonstrated what the real reason is. 


Based on the results of only three sieve analysis that are available below the confining clay 
layer. We have no reason to assume that the aquifer is less permeable at borehole #1 than 
at borehole #2. However, this expectation is based on a (very) limited amount of sieve 
analysis. 


Maximum well capacity 


The maximum well capacity was derived for borehole #2. For wells in aquifers with a low 
hydraulic conductivity there are two limiting factors: 1) maximum extraction rate and 2) the 
maximum injection pressure. 


Design standard for extraction wells 

The maximum Darcy velocity at the borehole wall for extraction wells according to the 
design standards for the Dutch situation is 2 times the hydraulic conductivity. In this case 
the maximum Darcy velocity would be between 0.6 and 1.32 m/d. Using the borehole radius 
of 0.15 m and 25 m of gravel pack (83 feet), the maximum flow rate of the well would be 14 
to 31 m?/d. However, the model results suggest an effective well radius of 5.5 m. Using an 
effective well radius of 5.5 m, the maximum flow rate of the well would be 520 to 1140 m°/d 
(=21.6 to 47.5 m*/h). 


Maximum injection pressure 

The top of the gravel pack is located at 72 m (237 feet) depth. The maximum initial injection 
pressure (included some safety for well clogging) based on a rule of thumb would be 9.6 m 
(31 feet). Measured drawdown for 19 m%/h was 23 m after 5 days. This would suggest a 
maximum flow rate of 7.9 m#/h per well. In that case 3 injection wells would be needed to be 
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able to reach a total flow rate of 20 m#/h. Assuming an equal maximum flow rate during the 
winter and summer season, this would mean three cold wells and three warm wells. 


Extending the well screen length 

The maximum flow rate given above is based on the well characteristics of borehole #2. 
Since the lower part of the aquifer was not used at borehole #2, it is possible to increase 
the length of the well screen. By doing this the well capacity will increase. In the worst-case 
the well capacity is expected to increase to 120%. In the best case this could be 300%. 


Recommendations 

During the Skype calls of May 4" and 6" we discussed about to continue or to stop the 
project due to the relative low hydraulic conductivity in relation to the budget. We eventually 
decided to use two warm and two cold wells (by using existing well #2) extend the length of 
the well screens (for the new wells) and to lower the maximum flow rate for the system. 
Three new wells should be made. The best drilling technique and well construction for this 
situation in relation to the budget should be further determined. Important for this decision is 
that we should be able to determine the grain size of the formation. Placing the (extended) 
filter screen in the lower and probably finer sands of the aquifer can cause sand delivery of 
the well. 

Development of the new wells is crucial for the properties of the wells because we can 
probably create a natural gravel pack, with a higher hydraulic conductivity around the well. 
Better development leads to a lower drawdown / hydraulic mount and results in a higher 
flow rate per well. The best way to create a natural gravel pack needs to investigated more 
in detail. 


Risk analysis 

There are certain risks for the ATES system we would like to describe here. There isn’t 
much long term experience in The Netherlands with the use of aquifers with this relatively 
low hydraulic conductivity for ATES. We don’t know if it is possible to make durable, low 
maintenance wells. We do know that wells which are located in fine sandy aquifers are 
more sensitive to clogging. For the aquifer at Fort Benning, we estimate that the risk for 
clogging is high, due to the fine particles in the aquifer. Unfortunately if this occurs we 
cannot predict how rapid this clogging will occur and how easy or difficult it would be to 
remove the clogging material. When the well(s) are clogged too much, it is not possible to 
deliver (the total) demanded heat or cold to the building. If AH&P have agreed a delivery 
obligation with the client this might be a risk. We recommend to anticipate on frequent 
preventive maintenance (like frequent short time back flushing without reinjection: long 
enough to pump e.g. twice the volume between the borehole wall and the point where the 
water is discharged). It is recommended to provide back-up equipment to deliver heat and 
cold in all circumstances to the building. 
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APPENDIX H INDUSTRY PARTNER SUPPORT 


ABB: 


ABB, is one of the largest manufacturer of variable frequency drives in the world. When the 
local ABB sales representative, Mike Shepp with Borie Davis, was made aware of the unique 
energy saving design of an ATES project, he contacted ABB. ABB then committed to providing 
a substantial discount for the VFDs utilized for the submersible pump motors designed for the 
ATES project. Both ABB and Borie Davis provided excellent technical support of the VFD to 
insure a successful design. A submittal of their VFD utilized for this demonstration follow and 
more information can be found at http://new.abb.com/drives 


Dray 


iste ace 


Borie Davis, Inc. 


ABB VARIABLE FREQUENCY DRIVES 


Project Name: Aquifer Thermal Energy Storage (ATES) Project 
Engineering Contact: Andrews, Hammock & Powell 

End Customer (User): US Dept. of Defense (DoD) ESTCP Program 
Location: Building 3215 - Ft. Benning, Georgia 

Submitted By: Mike Shepp, PE - Borie-Davis, Inc. 

Date: January 26, 2017 


Submittal Schedule 


This schedule includes the products supplied as part of this submittal. 


Schedule Motor Data’ Drive Data 
Tagging / Output 
Item Qty EquipmentID | HP FLA Voltage Product ID HP Amps_ Voltage 
208 ACH550-PCR-024A- 208 
1 4 P-1 thru 4 7.5 | 24.2 VAC | 2+B058+K452 7.5 24.2 VAC 


Notes: 1. AC Motor Data is per National Electrical Code Table 430.250 for typical motors used in most applications and is 
provided as typical data only. DC motor data is per typical industry standards. Actual motor data may vary. 


Includes Transcoil (TCI) DV/DT VFD output filter in NEMA 3R enclosure. Field installed between 
VFDs and motors. Details at end of this submittal. 


00891008 


Submittal Schedule Details for P-1 thru 4 


Item Tag / Equipment ID Product ID 


1 P-1 thru 4 ACH550-PCR-024A-2+B058+K452 


Item Description 


Input Voltage: 208 VAC 

Rated Output Current: 24.2 AMPS 
Construction: Drive with Circuit Breaker 
Enclosure: NEMA/UL Type 3R 

Nominal Horsepower: 7.5 

Frame Size: R2 

Input Disconnecting Means: Circuit Breaker 
Bypass: None 

Input Impedance: 5% 

Short Circuit Current Rating: 100 kA 
Communication Protocols: Johnson Controls N2, Siemens Buildings Technologies FLN (P1), Modbus RTU, 
BACnet, LonWork 

Other Options: 

Recommended Spare Parts Package : 


Drive Input Fuse Ratings 


(Note: Drive is UL approved without the need for input fuses. Fuse rating information provided for customer reference) 


Amps (600 V) Bussmann Type 
N/A N/A 
Wire Size Capacities of Power Terminals 
Circuit Breaker | Disconnect Switch Terminal Block Overload Relay Ground Lug 
#6 N/A #6 N/A #6 
45 in-lbs N/A 12 in-lbs N/A 35 in-lbs 


Dimensions and Weights 


Height Width Depth Weight : ; 3 
: : : Dimension Drawing 
in/ mm in/ mm in/ mm Ibs / kg 
34 / 865 17.8 / 452 13.5 /343 134/61 idan 
Sheet 1 
Heat Dissipation & Airflow Requirements 
Power Losses Airflow 
Watts BTU/Hr CFM CM/Hr 
227 776 52 88 
Reference Drawings 
Power Wiring Connection Diagram Dimension Detail 
PCPDR316CC-B 3AUA0000016377 
el a a RLONRO18CC Sheet 1 
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ACH550 Product Overview 


Description 


The ACH550 series is a microprocessor based Pulse Width Modulated (PWM) adjustable speed AC 
drive. The ACH550 drive takes advantage of sophisticated microprocessor control and advanced IGBT 
power switching technology to deliver high-performance control of AC motors for a wide range of HVAC 
applications. 


With drives ranging from 1 to 550 HP, the ACH550 series features a universal full graphic interface that 
“speaks” to the operator in plain English phrases, greatly simplifying set-up, operation, and fault 
diagnosis. The ACH550 is also programmable in fourteen other languages. 


Each ACH550 drive comes equipped with an extensive library of pre-programmed HVAC application 
macros which, at a touch of a button, allow rapid configuration of inputs, outputs, and performance 
parameters for specific HVAC applications to maximize convenience and minimize start-up time. The 
ACH550 series can handle the most demanding commercial applications in an efficient, dependable, and 
economic manner. 
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ACH550 Standard Features 


UL, cUL labeled, CE marked, BTL listed (BACnet Testing 
Lab) & UL Plenum Rated 

EMI/RFI Filter (14st Environment, Restricted Distribution) EN 
61800-3 


Seismic Certification in accordance to IBC 2000, 2003, 2006, 


2009 and 2012 referencing ASCE 7-98, 7-02, 7-05, 7-05, 
and 7-10 (respectively) and ICC AC156 with an 
importance factor of 1.5 
Start-Up Assistants 
Maintenance Assistants 
Diagnostic Assistants 
Real Time Clock Includes Day, Date and Time 
Operator Panel Parameter Backup (read/write) 
Full Graphic and Multilingual Display for Operator Control, 
Parameter Set-Up and Operating Data Display: 
Output Frequency (Hz) 
Speed (RPM) 
Motor Current 
Calculated % Motor Torque 
Calculated Motor Power (kW) 
DC Bus Voltage 
Output Voltage 
Heatsink Temperature 
Elapsed Time Meter (resettable) 
KWh (resettable) 
Input / Output Terminal Monitor 
PID Actual Value (Feedback) & Error Fault Text 
Warning Text 
Three (3) Scalable Process Variable Displays 
User Definable Engineering Units 
Two (2) Programmable Analog Inputs 
Six (6) Programmable Digital Inputs 
Two (2) Programmable Analog Outputs 
Up to six (6) Programmable Relay Outputs (Three (3) 
Standard) 
Adjustable Filters on Analog Inputs and Outputs 
Mathematical Functions on Analog Reference Signals 
All Control Inputs Isolated from Ground and Power 
Four (4) Resident Serial Communication Protocols 
Johnson Controls N2 
Siemens Buildings Technologies FLN (P1) 
Modbus RTU 
BACnet (MS/TP) 
Input Speed Signals 
Current 0 (4) to 20 mA 
Voltage 0 (2) to 10 VDC 
Increase/Decrease Reference Contacts (Floating Point) 
Serial Communications 
Start/Stop 
2 Wire (Dry Contact Closure) 
3 Wire (Momentary Contact) 
Application of Input Power 
Application of Reference Signal (PID Sleep/Wake-Up) 
Serial Communications 
Start Functions 
Ramp 
Flying Start 
Premagnetization (DC brake) on Start 
Automatic Torque Boost 
Automatic Torque Boost with Flying Start 
Auto Restart (Reset) — Customer Selectable and 
Adjustable 
Stop Functions 
Ramp or Coast to Stop 
Emergency Stop 
DC Braking / Hold at Stop 
Flux Braking 
Accel/Decel 
Two (2) sets of Independently Adjustable Ramps 
Linear or Adjustable ‘S’ Curve Accel/Decel Ramps 
HVAC Specific Application Macros 
Separate Safeties (2) and Run Permissive Inputs 
Damper Control 
Override Input (Fire Mode) 


Timer Functions 
Four (4) Daily Start/Stop Time Periods 
Four (4) Weekly Start/Stop Time Periods 
Four Timers for Collecting Time Periods and Overrides 
Seven (7) Preset Speeds 
Supervision Functions 
Adjustable Current Limit 
Electronic Reverse 
Automatic Extended Power Loss Ride Through (Selectable) 
Programmable Maximum Frequency to 500 Hz 
PID Control 
Two (2) Integral Independent Programmable PID 
Setpoint Controllers (Process and External) 
External Selection between Two (2) Sets of Process PID 
Controller Parameters 
PID Sleep/Wake-Up 
Motor Control Features 
Scalar (V/Hz) and Vector Modes of Motor Control 
V/Hz Shapes 
Linear 
Squared 
Energy Optimization 
IR Compensation 
Slip Compensation 
Three (3) Critical Frequency Lockout Bands 
Preprogrammed Protection Circuits 
Overcurrent 
Short Circuit 
Ground Fault 
Overvoltage 
Undervoltage 
Input Phase Loss 
Output Device (IGBT) Overtemperature 
Adjustable Current Limit Regulator 
UL508C approved Electronic Motor Overload (I2T) 
Programmable Fault Functions for Protection Include 
Loss of Analog Input 
Panel Loss 
External Fault 
Motor Thermal Protection 
Stall 
Underload 
Motor Phase Loss 
Ground Fault 
5% Equivalent Impedance 
5% Equivalent Impedance with Internal Reactor(s) 
Patented Swinging Choke Design for Superior Harmonic 
Mitigation in frame sizes (R1 to R6) 
3% Equivalent Impedance for frame R8& 
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ACH550 Specifications 


Input Connection 
Input Voltage (U1) 


Fundamental Power Factor (COS 0): .........:ccccsccseeeeeeeeeeeeeeeeeeeeeeeeaee 
CONMO CHORE sitvicick vevesecneesevecavences dh seseescnnecsnch veeeiectvesvensuvennenditedessetes 


Output (Motor) Connection 


OUTDUT FPEQUCNCY? ices sscoscteascastvaan cts or Revesess cneeneasarstelaasntaandecteensence 
Frequency Resolution: ............:::cccceecseecceceeeeeeceeeeeeeeeseeaeeeeeeeteeeaee 
Continuous Output Current: 

Variable: TOrguets sven nis diane au 
Short Term Overload Capacity: 

Variable: TOrqQuel: fscre, cinsss-secccmeus secteianennsaencnrmeaannencant: 
Peak Overload Capacity: 

Variable: Torque. + avetseceisec, bcetens sericensdbaetle st ceeesdhueeelaeies 
Base Motor Frequency Range ... 


Acceleration Time:.. 
Deceleration Time: . 


EPIGCIONCY 2 ijectvecsteastenssscexeescsnceene ae 
Short Circuit Withstand Rating: ..............cccceeeceeeeeeeeeeeeeeeeeeeneeeeeeeeees 
COMME CUON Eis ez svsccadecsz cadaver cennaeandcoveneaneacecnicevavedscuseeeeeduvendvacsedvertsens 
Enclosure’ Styles isc. tesescanieseitndaetiess vis 
Agency Approval Listing and Compliance: ..............:::ccceeeeeeeeeee 


Ambient Conditions, Operation 


Contamination Levels: 
NEG easee are hee Press he Seoul ese Hee ebeoetarenet veces eeneaeseeeted 
Chemical Gasses....... sis 
SOlid:PanmiCleS? ieccveted ve Aceer reed nee Asti Ave 
Installation Site AltitUde: ........ cc cccecececeeeceeeteeeteeeteeeteeetenetees 


NADAL GIN cid secs fice cecved seve dea uc tvdvad ex cuca co tx dcdved teas di cd tacseh eideteav ev neveseders 


48 - 63 Hz 


Max +/-3% of nominal phase to phase input voltage 
0.98 at nominal load 
U1, V1, W1 (U1, V1, 1-phase) 


0 to U1, 3-phase symmetrical, U2 at the field weakening point 
-500 to 500 Hz 

0.01 Hz 

1.0 * I2N (Nominal rated output current, Variable Torque) 


1.1 * ?N, (1 min/10 min) 


1.35 * IN, (2 sec/1 min) 


.10 to 500 Hz 

.1, 4, 8 or 12 kHz 

.0.1 to 1800 s 

.0.1 to 1800 s 

.0.98 at nominal power level 


100,000 AIC (UL) w/o fuses 
U2, V2, W2 


.UL (NEMA) Type 1, Type 12, or Type 3R 


UL, cUL, CE, BTL (BACnet Testing Laboratory), IBC, OSHPD 


-15° to 40°C (5° to 104°F), -18° (0°F) UL Type (NEMA) 3R above 
40°C the maximum output current is de-rated 1% for every 
additional 1°C (up to 50°C (122°F) maximum limit. 

5 to 95%, no condensation allowed, maximum relative humidity is 

60% in the presence of corrosive gasses 


60721-3-1, 60721-3-2 and 60721-3-3 


.3C1 and 3C2 


382 

0 to 1000 m (3300 ft) above sea level. At sites over 1000 m (3300 
ft) above sea level, the maximum power is de-rated 1% for every 
additional 100 m (330 ft). If the installation site is higher than 2000 
m (6600 ft) above sea level, please contact your local ABB 
distributor or representative for further information 

Max 0.3 mm 2 to 9 Hz, Max 1 m/s2 9 to 200 Hz sinusoidal IEC 
60068-2-6 

Seismic Certified referencing IBC 2000, 2003, 2006, 2009, 2012 


Ambient Conditions, Storage (in Protective Shipping Package) 


Air Temperature: a iiech cai dvlesaninsiiedelaneidalehAd 
Relative Humidity:... 
VIDFATION : cessisiecessercvcrsses 
Shock (IEC 60068-2-27): 


-40° to 70°C (-40° to 158°F) 


.Less than 95%, no condensation allowed 
.In accordance with ISTA 1A and 1B specifications 


Max 100 m/s2 (330 ft/s2) 11 ms 


Ambient Conditions, Transportation (in Protective Shipping Package) 


WIL OM iiss can cunecnensaneacsacenecncananecetseauaneacneancnsesanseccereedenestauaenesanenentnats 


SHOCK IEG GOOG 8-2-2 7) case Meee calecranratvead ences ee iedesans eatesttlbe 


Cooling Information 
Cooling Method? enti dtc dk ee Ae iwi 


46 cm (18 in 


-40° to 70°C (-40° to 158°F) 

Less than 95%, no condensation allowed 

60 to 106 kPa (8.7 to 15.4 PSI) 

Max 3.5 mm (0.14 in) 2 to 9 Hz, Max 15 m/s2 (49 ft/s2) 9 to 200 
Hz sinusoidal 

Max 100 m/s2 (330 ft/s2) 11 ms 


31 cm (12 in 
25 cm (10 in 


Integral fan(s) 
Approximately 3% of rated power 


ACH550 Specifications (continued) 


Analog Inputs 


CUAL) aca ctrtitiea dhcestenctectcarcnchnantataraseeastoniid ed tone unnbonseer ea hiaweapiuateadsinn Two (2) programmable 

Voltage Reference .o........ceeeeccececeeeeeeeeeeeeeeeeeeeecaeeeeeeeeseeaaeeeeeeeeteeeaed 0 (2) to 10 V, 250kOhm, single ended 
CURFENT REISFENGCE  siseas essnsitacscaseenan sarees peosseerceeeneastannverdeneeenencavexsente 0 (4) to 20 mA, 1000hm, single ended 
POLSMIOMOUSN saeisss ssevescevecvssasaeceancees svsseecs cvensest ceesestnevissbeuevesescorveeess 10 VDC, 10 mA (1K to 10KOhms) 
Input Updating TimMe@s..10ccke ae Sk dhe dead died 8 ms 

TEnMiiNAal BIOCK SIZE iseeiatancawas coatesnsesesesencnadnsenavsqeossanttesannesaaunnesssscn 2.3mm? / 14AWG 

Reference Power Supply 

FREPEFENCE VONAGE oc ceseeccsdsvcs cecetses edoeavcescsapsusevencebeesenten ct ssesnscsscunencestntenes +10 VDC, 1% at 25°C (77°F) 
MaxiMUInt LOAG siccscccscassectavctiecntcecencsssarswenscavsnttecaseneetctendndeetenevesets 10 mA 

Applicable Potentiometer...............:::ccccccceseseeeeceeceeeeeeeeaeeeeeeeeeeeaee 1 kOhm to 10 kOhm 

Terminal BlOCK SiZ€ ssscccs ives cscecctcessscscsuscacvacertneveccsdsevacersastaesanesesiee 2.3mm? / 14AWG 

Analog Outputs 

UENO re secant execu ceacat cates deeeetncpteem aavuentseeptestaeressuemtenti agmann vere 

SiGhali LOVE ee. sears acrumensaasrs urate mead eames 

PROCUN ACY secs cpree races ceacacea pins aareataeeg esau maceetex puatuamerectapuesuctecmeeeeneseasects 

Maximum Load Impedance ne : 

Output Updating TIME. ancien ot ianiakseanWathede 

TENMINALBIGCK: SIZE sc seossicascanunctedpsnsicesronseractscnersaenspans dusapheraaauresssnde 2.3mm? / 14AWG 

Digital Inputs 

QUANMILY ies.cs seeecscdvencnsctbveesnehv canes os yobecesiaeneaat petevecti esied chnsenedeavendya saa Six (6) programmable digital inputs 
Isolation ae dak -lsolated as one group 

SIGMANNMO VS sie scctaneraeeaennasttteaathdscexuaedsessececeernacs acuneacaesrsphecettese sacs! 24 VDC, (10V Logic 0) 

IN PUP CUnre Mb ies ccvewdis dorewensaaveae gene ces sasennseenaine saauzsanemenienneensmenseeaaeas 15 mA at 24 VDC 

INPUGU PdAtING: TIME cesies sess cscececees eseeee si cesees cov scianisee eee 4ms 

TEnMilial BIOCK: SIZE sacss sete scinnseetearsedsdts dandedisarlactensenteanastesahienteaaess 2.3mm? / 14AWG 


Internal Power Supply 


Primary Use Internal supply for digital inputs 


Voltage ........cc eee hes as .+24 VDC, max 250 mA 

Maximunt Cumme nts .cccccsecessecvsscacescstencsacnrenenscersnstedsecees sosten cndutecneessves 250 mA 

Protection es i222.4.contewctiend awe teased wuniinaeeaes Short circuit protected 

Relay Outputs 

Quantity... fs wad . Three (3) programmable relay (Form C) outputs 


Switching Capacity .8A at 24 VDC or 250 VAC, 0.4 A at 120 VDC 
Max Continuous Current 2A RMS 

I OIMACE MALTA aes tears sncesapasien.eeescn- axsaecs pncupnetacuaceceemessasnctcceactaes Silver Cadmium Oxide (AgCdO) 

Isolation Test Voltage ... .4 kVAC, 1 minute 

Output Updating Time... .12 ms 


TLermihial BlOCK SiZe ss sccccsasnonmacencesasenieatraswaeierenapananetrones 2.3mm2 / 14AWG 
Protections 

Single: Phases cescisevishiniiet aviteadaranwadieaia ae Protected (input & output) 
Overcurrent Trip Limit.................. .3.5 x I?N instantaneous 
Adjustable Current Regulation Limit. .1.3 x ?N (RMS) max. 
Overvoltage Trip Limit. ..............0- oe -1.30 x Un 

Whdervoltage: Trip iM  izcis cncetvesvedelsloetestesreiansti code sardenehieneaeees 0.65 x Un 
Overtemperature (Heatsink) ............c:cceeccececeeeeeeeneeeeeeeeeeeenneeeeeeeeees +115°C (+239°F) 
Auxiliary Voltage .Short Circuit Protected 


Ground Fault 
Short Circuit : 
Protected 


Microprocessor fault 

Motor Stall PrOtECHON: iessecscates cra chccpessaeess cua cusanttenauapees danpteanensnestan cs Protected 

Motor Overtemperature Protection (I*t). vs .Protected 

InputiPower'Loss of Phase: . enc acd ca aciae wees revinedcncntents Protected 

LOSS Of IREIEFENCE. viescciccnncicirendvndicennectacusnncpndhebadheatibes chvteevadhcdveneties Protected 

Short: Circuit: Current: Ratings ssecsececsecspia eset sseeencessdendenskawnsniahestensade 100,000 RMS symmetrical Amperes 

5% Equivalent IMPCdaAne .....:c..csencesscererncaneneconesercensueeneestenentecsaes 5% Equivalent Input Impedance with internal reactor(s) 
Patented swinging choke design for superior harmonic mitigation 
in frame sizes R1-R6 
3% Equivalent Impedance for frame R8 

Printed: Circuit Boards esctecsstcasasstedcsnainttvatebennssccantuntaetsiecinasehiotwsdanss Conformal coated 

U, = Input Voltage Un = Nominal Motor Voltage 

U2 = Output Voltage fy = Nominal Motor Frequency 

Pn = Power — Normal Duty (HP) lo = Nominal Motor Current — Normal Duty 


Specifications are subject to change without notice. Please consult the factory when specifications are critical. 
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ACH550 Control Panel 


The ACH550 Control Panel is a multifunction control panel with full graphic LCD display and multiple 
language capability. The control panel can be connected to and detached from the ACH550 at any time. 
The panel can be used to upload and copy parameters to other ACH550 drives. 


Status oe 

LED 
(Green when 
normal, if flashing 
orred, see 
Diagnostics.) 


AUTO “Oe = HELP 
(always available) 
OFF - HAND 


Run Indication and Shaft Direction » located in upper left corner of display. 


Control Panel Display Significance 


Drive is running and at set point 


Rotating arrow (clockwise or counterclockwise) Sh af direchan 1s fonvard or reverse 


Rotating arrow blinking Drive is operating but not at setpoint 


Stationary arrow Drive is stopped 


LED Indicators 

The green LED indicates that the power is on and the drive is operating normally. The red LED indicates 
a fault. A blinking green LED indicates an alarm condition. A blinking red LED indicates a fault that 
requires power to be cycled off and on to reset the drive. 


Fault Indications 

The ACH550 Control Panel can display over 20 alarm and fault messages. The last fault and previous 
faults (1 to 9) are retained in memory. The last fault and previous faults (1 & 2) also record important 
diagnostic information to assist in troubleshooting. Most faults can be reset by pressing the RESET key 
(Soft Key 1). 


Parameters 

Application specific parameters are immediately accessible through a selection of start-up “Assistants”. A 
complete list of parameters is also available grouped by function in approximately 33 menu groups. One 
of the basic menu functions can be used to display the complete list of changed parameters. 


Real Time Clock 

The Operator Control Panel includes a real time clock which provides Day, Date and Time information, 
displayed in a choice of formats. The real time clock has a 10-year battery backup and provides time and 
date stamping of drive faults and other events. The clock is also used by the ACH550s internal timer 
functions, providing an integral time clock for start/stop control as well as other control operations. 
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Control Modes 


When the HAND key is pressed, the drive starts and pressing the UP/DOWN keys can modify the 
reference frequency. The HAND (keypad) control mode is indicated. 


When the OFF key is pressed, the drive stops and the OFF control mode is indicated. 


When the AUTO key is pressed, the AUTO control mode is indicated. The drive can be started and 
stopped using whichever remote start/stop command has been configured, a contact closure applied to 
the start/stop input, a serial communication command or a process feedback signal. In AUTO mode the 
drive speed is typically controlled by the external speed reference input or by the PID controller. 


If the HAND key is pressed while the drive is running in the AUTO control mode, the drive continues to 
run without changing speed, but ceases to respond to external input or PID speed reference changes. 
(Bumpless transfer) Pressing the UP/DOWN keys can modify the reference frequency. 


If the AUTO key is pressed while the drive is running in the HAND control mode and an external start 


command is present, the drive continues to run and follows the acceleration or deceleration control ramp 
to the speed set by the external input or PID speed reference. (Bumpless transfer) 


Cable Connections 


Terminal Description Note 
F Use of 1~ supply requires 50% derate of output current 

oe Sor power-supply INDUE and is Sopliceble for 208 to 240 VAC Spersion only. 
PE / GND Protective Ground Follow local rules for cable size. 
U2, V2, W2 Power output to motor 
Uct+, Uc- DC bus 
X11 to 18 Control Wiring Low voltage control — Use shielded cable 
X1 19 to 27 Control Wiring Low voltage or 115VAC 
X1 28 to 32 Serial Communications Use shielded cable 


Follow local codes for cable size. To avoid electromagnetic interference, use separate metallic conduits 
for input power wiring, motor wiring, control and communications wiring. Keep these four classes of wiring 
separated in situations where the wiring is not enclosed in metallic conduit. Also, Keep 115VAC control 
wiring separated from low voltage control wiring and power wiring. 


Use shielded cable for control wiring. 
Ampacity is based on the use of 60 °C rated power cable up to 100 Amps (75 °C over 100 Amps). 


Refer to the included tables for current ratings, fuse recommendations and maximum wire size capacities 
and tightening torques for the terminals. The ACH550 is suitable for use on a circuit capable of delivering 
not more than 100,000 RMS symmetrical amperes, 480 V maximum. The ACH550 has an electronic 
motor protection feature that complies with the requirements of the National Electric Code (NEC). When 
this feature is selected and properly adjusted. Additional overload protection is not required unless more 
than one motor is connected to the drive or unless additional protection is required by applicable safety 
regulations. 


For CE installation requirements, see ABB publication CE-US-02 “CE Council Directives and Variable 
Speed Drives.” Contact your local ABB representative for specific IEC installation instructions. 
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ACH550 Control Terminals - Main /O Terminal X1 


X1_ | Identification Description 

1 SCR Terminal for signal cable screen. (Connected internally to chassis ground.) 
Analog input channel 1, programmable. Default? = External reference 

2 Al Resolution 0.1 % accuracy +1 %. 
0 (4) - 20 mA (Ri = 312 kQ) (J1:Al1 ON) 
0 (2) - 10 V (Ri = 100 ©) (J1:Al1 OFF) 

3 AGND Analog input common. (Connected internally to chassis ground through 1 MQ) 

4 410 V 10 V/10 mA reference voltage output for analog input potentiometer, accuracy +2 %. 
(1kQ<R<10kQ) 
Analog input channel 2, programmable. Default? = PID Feedback 

5 Al2 Resolution 0.1 % accuracy +1 %. 
0 (4) - 20 mA (Ri = 312 kQ) (J1:Al2 ON) 
0 (2) - 10 V (Ri = 100 Q) (J1:Al2 OFF) 

6 AGND Analog input common. (Connected internally to chassis ground through 1 MQ) 

7 AO1 Analog output channel 1, programmable. Default? = Output frequency 
0 (4) - 20 mA (load < 500 Q), accuracy +3% full scale. 

8 AO? Analog output channel 2, programmable. Default? = Output current 
0 (4) - 20 mA (load < 500 Q), accuracy +3% full scale. 

9 AGND Analog output common. Connected internally to chassis ground through 1 MQ) 

10 24V Auxiliary voltage output 24 V DC / 250 mA (Reference to AGND). 
Short circuit protected. 

11 GND Common for digital input (DI) return signals. 

42 DCOM fen circuit common for all digital inputs (DIs). Connected internally as 


To activate a digital input, there must be > +10 V (or < -10 V) between that input and 


DI Configuration’ DCOM. The 24 V may be provided by the ACH550 (X1:10) or by an external 12-24 V 


source of either polarity. 


13 DI Digital input 1, programmable. Default? = Start/Stop (AUTO mode) 
Activation starts the drive 
14 DI 2 Digital input 2, programmable. Default? = Not configured. 
15 DI3 Digital input 3, programmable. Default? = Constant (Preset) speed. 
Activation selects constant speed 1 
16 DI4 Digital input 4, programmable. Default? = Start enable 1 (safety interlock) 
Deactivation stops the drive. 
17 DI5 Digital input 5, programmable. Default? = Not configured. 
18 DI6 Digital input 5, programmable. Default? = Not configured. 
19 RO1C Common Relay output 1, programmable 
20 RO1A Normally Closed (NC) (Default? = Ready — 19 connected to 21). 
21 RO1B Normally Open (NO) 12-250 VAC/30 VDC, 10 mA-2A 
22 RO2C Common Relay output 2, programmable 
23 RO2A Normally Closed (NC) (Default? = Running - 22 connected to 24). 
24 RO2B Normally Open (NO) 12-250 VAC /30 VDC, 10 mA-2A 
25 RO3C Common Relay output 3, programmable 
26 RO3A Normally Closed (NC) (Default? = Fault (-1)°- 25 connected to 27). 
27 RO3B Normally Open (NO) 12 - 250 VAC / 30 VDC, 10 mMA-2A 
28 Screen Terminal for signal cable screen. (Connected internally to chassis ground.) 
29 B RS-485 Serial Communications Positive input connection 
30 A RS-485 Serial Communications Negative input connection 
31 AGND Analog input common. (Connected internally to chassis ground through 1 MQ.) 
32 Screen Terminal for signal cable screen. (Connected internally to chassis ground.) 
Notes: 1. Digital input impedance 1.5 kQ. Maximum voltage for digital inputs is 30 V. Use multi-strand wire, size range: 20-16 


AWG (0.5-1.5 mm?) 
2. Default values depend on the macro used. Values specified are for the HVAC default macro. 
3. For fail-safe reasons, the Fault (-1) Relay signals a “Fault”, when the ACH550 is powered down. 
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Drive Pack Standard Features 


ACH550 Drive Pack - Overview 


The ACH550 Drive Pack is an ACH550 Variable Frequency Drive enclosed with an input 
circuit breaker (ACH550-PCR). The ACH550 Drive Pack provides a door-mounted input 
disconnect operator (padlockable in the OFF position), electronic motor overload protection, 
local operator keypad with graphics display, and provisions for external control connections. 
The operator keypad is mounted on the door of the enclosure. 


For outdoor applications, UL Type 3R (NEMA) 3R enclosed ACH550-PCR Drive Pack 
packages are available from 1 to 100 HP at 208/240V, 1 to 200 HP at 480V and 2 to 150 HP 
at 600V. Construction is double-wall sheet steel with a tough powder coat paint finish for 
corrosion resistance. A thermostatically controlled space heater and thermostatic control of 
the force ventilated cooling system are standard. 


Cable Connections 


The following illustrations show the ACH550 Drive Pack cable connection points for the various enclosure 
styles. The illustrations indicate the location of input and output power connections as well as equipment 
and motor grounding connection points. 


ACH550-PCR UL Type 3R enclosures are configured for bottom access. At least three separate metallic 
conduits are required, one for input power, one for output power to the motor and one for control signals. 


Terminal Sizes 


Power and motor cable terminal sizes are shown in the Submittal Schedule Details and in the Wire Size 
Capacities of Power Terminals Table. The information provided is for connections to an input circuit 
breaker or disconnect switch, a motor terminal block and ground lugs. The table also lists torque that 
should be applied when tightening the connections. 


GROUND 
TERMINAL 


iat ate CONNECTION 
T BREAKER IMCS 


OR 
DISCONNEGT 1DISC 


OUTPUT MOTOR CONNECTION 


DRIVE 
INPUT 


2F, OF, 4F 


Standard Wall Mount Drive Pack Internal View (UL Type 3R) 
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Dimension Drawing for P-1 thru 4 


3AUA00000 We reserve all rights in this document and in the Information contained therein, Reproduction, 

7 7 use or disclosure to third parties without express authority is strictly forbidden. 
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NOTES: 
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Power Drawing for P-1 thru 4 
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Connection Drawing for P-1 thru 4 
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Engineering Data and Ratings Tables 


Fuses 


Drive input fuses are recommended to disconnect the drive from power in the event that a component 
fails in the drive’s power circuitry. Recommended drive input fuse specifications are listed in the Submittal 
Schedule Details and in the Fuse Ratings Table. Fuse rating information is provided for customer 
reference. 


Drive Input Fuse Ratings 


tem Catalog Number Amps (600V) Bussmann Type 


1 ACH550-PCR-024A-2+B058+K452 N/A N/A 


Terminal Sizes / Cable Connection Requirements 


Power and motor cable terminal sizes and connection requirements are shown in the Submittal Schedule 
Details and in the Terminal Sizes / Cable Connection Requirements Table. The information provided 
below is for connections to input power and motor cables. These connections may be made to an input 
circuit breaker or disconnect switch, a motor terminal block, overload relay, and/or directly to bus bars and 
ground lugs. The table also lists torque that should be applied when tightening terminals and spacing 
requirements where multiple mounting holes are provided in the bus bar. 


Circuit Disconnect Terminal Overload Ground 
em Catalog Number, Breaker Switch Block Relay Lug 
1 ACH550-PCR-024A- #6 N/A #6 N/A #6 
2+B058+K452 45 in-lbs N/A 12 in-lbs N/A 35 in-lbs 


Heat Dissipation Requirements 


The cooling air entering the drive must be clean and free from corrosive materials. The Submittal 
Schedule Details and the Heat Dissipation Requirements table below give the heat dissipated into the hot 
air exhausted from the drives. If the drives are installed in a confined space, the heat must be removed 
from the area by ventilation or air conditioning equipment. 


Item Catalog Number Power Losses Airflow 

Watts BTU/Hr CFM CM/Hr 
1 | peposeekas2 227 776 52 88 
Dimensions and Weights 
| ree a | 
eee ee oa 865/34 | 452 /17.8 | 343/13.5 | 61/134 | 3AUA0000016377-1 


Schematics and Wire Diagrams 


Detailed wiring diagrams and schematics may be included for the products covered in this submittal. 
Please reference the following ABB part numbers for the drawings included with this submittal: 


Item Catalog Number Power Wiring Gonnestien Dimension Detail 
Diagram 
ACH550-PCR-024A- PCPDR316CC-B 
1 24B058+K452 PCOOR312PW-A RLONRO18CC 3AUA0000016377-1 


Product short Circuit Current Rating 
Short circuit ratings shown below are as show on the device rating label. 


Item Catalog Number Short Circuit Current Rating 
ACH550-PCR-024A- 
i 2+B058+K452 100K 
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V The V1000 KLC-Series output filters provide exceptional 
Ik motor and cable protection in a compact design 


The next installment of the KLC-Series Filter provides 
excellent protection in a user-friendly package. This 
compact design has been developed with space sensitive 
applications in mind. The V1000 greatly reduces motor 
failures on VFD applications by limiting the magnitude 
of voltage spikes to levels below 1000 volts and slows 
down the rate of change of PWM switching by a factor 
of three The V1000 has demonstrated success In protecting 
the cable and motor insulation by reducing the damaging 
effects of reflected wave 


Common Mode currents, which can lead to bearing pitting 
and fluting, are typically reduced by 30%. Extensive testing 
has demonstrated that TCI's V1000 filter is effective at 
redudng Common Mode currents, without costy machine 
modifications. 


Designed to beinstalled within ten feet of the drive output 
terminals, V1000 Filters are easily accessible for both 
installation and maintenance. The superior performance 
increases process uptime and motor life The V1000 
pee des the outstanding performance that our customers 

ave come to expect from the KLC-Series Output Filters. 


M anufacturer’s Warranty 
V1000 KLC-Series Output Filters are warranted against Manufacturer’s defect for one year from 
the date of original purchase 


Drawings/Specifications 

Autocad compatible *.dxf drawings and Acrobat Reader compatible *.pdf drawings of all 
V1000 Series KLC Output Filters are available at www.transcoil.com or by contacting 
TCI at (800) 824-8282. 


Typical Problems, Superior Solutions with KLC-Series Products 

The Reflective Wave Phenomenon 

Variable Frequency Drives generate useful “fundamental” voltage and frequency using Pulse 
Width Modulation (PWM) for adjusting the speed of an AC motor. The Drive’s inverter circuit 
“switches” (transitions from the off state to the on state) rapidly, producing a carrier containing 
the fundamental voltage and frequency. Voltage wave reflection is a function of the voltage rise 
time (dV/dT) and the length of the motor cables. Theimpedance on either end of the cable run 
does not match, causing voltage pulses to be reflected back in the direction from which it arrived. 
As these reflected waves encounter incoming waves, their values add, causing higher peak voltage 
As wire length or carrier frequency increases, the overshoot peak voltage also increases. The KLC- 
Series Output Filters have been designed to limit peak voltage and increase voltage rise time In 
specific applications, the V1000 has performed with cable runs of up to 3,000 feet. 


The Resonant Circuit Phenomenon 
Electrical systems of every nature have a natural frequency, at which they operate The natural 
frequency is determined by the equation: Fr = a eS . Individual components 
within a system also operate at frequencies specific unto themselves. When system 
components have a resonant frequency that matches the natural resonant frequency 


Ht a of the entire system, peak voltages can quickly exceed standard reflective wave overshoots. 
> fa head The insertion of aV1000 ensures that the system resonance frequency remains suffidently 


high in order to avoid matching the resonant frequency of any single component. 


Common M ode Motor Bearing Current 


Common mode voltage occurs when the voltages on the three output lines of a drive do not sum “instantaneous y” 
to zero. The V1000 substantially slows down the rate of change of PWM switching as seen by theload. This reduction 
in the rate of change results in increased capacitive coupling impedance between bearings and bearing races. This 
increase in impedance, in turn, reduces the damaging Common Mode currents and increases motor up-time 


| | t } th 
brandi Ht Nal (i trtetdatrenad sd dich ng || Haklidsendi lide shit Li hakoe Ngati 


Bea ie Net OA lM GO 


0 2 4 6 8 10 12 14 16 18 20 
30% Reduction in rms Common Mode Current with V1000 Applied 


dV/dT and Reflective Wave unsuppressed causes Motor failures 

¢ Peak Voltages on a 460V system can commonly exceed L500V, causing rapid breakdown of motor insulation, 
leading to motor failure On 575 V systems, the peak voltages can easily reach 2100 V. If this is left uncontrolled, 
insulation failure may occur. 

¢ The same peak voltages that damage the motor can also damage the cable. Since the V1000 filters are designed 
to be placed at the output of the Drive these units will also protect the cable runs. 
The added inductance of aV1000 filter will also help reduce motor heating, motor noise, and motor vibration 
by reducing the current harmonics in the system. 


VOLTAGE RISE TIME q 


While peak voltages can commonly exceed 1500V, it is important to note that these same spikes can have a rise 
time, dV/dT, in excess of 7500V/us. Such high rise times can cause significant damage to the motor windings and 
the insulation system, resulting in premature motor failure Thelife of the motor can be greatly extended “i limiting 
both the magnitude of the voltage spikes to levels bed ow 1000V and the dV/dT at the motor terminals to levels less 
than 1000V/us on 480V systems. 
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ClimateMaster: 


ClimateMaster, Inc., currently a Division of LSB Industries and future Division of NIBE, is a 
manufacturer of HVAC equipment, but well respected for their high quality geothermal water- 
source heat pumps (WSHP). When ClimateMaster was made aware of the opportunity to 
participate in the unique energy saving design of an ATES project, they committed to providing 
substantial discounts for the WSHPs designed for the ATES project and provided technical 
support for their equipment to insure a successful deployment. A submittal data document of 
their WSHPs utilized for this demonstration follow and more information can be found at 


http://www.climatemaster.com. 


TRANQUILITY® 3O 
DIGITAL (TE) SERIES 


CLIMATEMASTER’ 


SUBMITTAL DATA Water-Source Heat Pump Systems 


MODELS TED/H/V 026 - 072 


Aas 2 iecea tak SUBMITTAL DATA - I-P UNITS 


ENGLISH LANGUAGE/I-P UNITS Unit Designation: 
Job Name: 
Architect: 


Engineer: 


Contractor: 


PERFORMANCE DATA 
Cooling Capacity: 


EER: 


Rev.: 09 July, 2015 


Heating Capacity: 
COP: 


Ambient Air Temp: 


Entering Water Temp (Clg): 


Entering Air Temp (Clg): 


Entering Water Temp (Htg): 


Entering Air Temp (Htg): 
Airflow: 


Fan Speed or Motor/RPM/Turns: 
Operating Weight: (Ib) 
ELECTRICAL DATA 


Power Supply: 
Phase 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each M InimumM C Ircu It Am pacity: 
product at the time of order may be changed without notice and may not be as described herein. Please contact 
ClimateMaster's Customer Service Department at 1-405-745-6000 for specific information on the current design and 
specifications. Statements and other information contained herein are not express warranties and do not form the 
basis of any bargain between the parties, but are merely ClimateMaster's opinion or commendation of its products. 
The latest version of this document is available at climatemaster.com. 
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Maximum Overcurrent Protection: 


TRANQUILITY® 3O 
DIGITAL (TE) SERIES 


CLIMATEMASTER’ 


SUBMITTAL DATA Water-Source Heat Pump Systems 


MODELS TED/H/V 026 - 072 


Bains 2 eee nak SUBMITTAL DATA - S-I UNITS 


ENGLISH LANGUAGE/S-I UNITS Unit Designation: 
Job Name: 
Architect: 


Engineer: 


Contractor: 


PERFORMANCE DATA 
Cooling Capacity: 


EER: 


Rev.: 09 July, 2015 


Heating Capacity: 
COP: 


Ambient Air Temp: 


Entering Water Temp (Clg): 


Entering Air Temp (Clg): 


Entering Water Temp (Htg): 


Entering Air Temp (Htg): 
Airflow: 


Fan Speed or Motor/RPM/Turns: 
Operating Weight: (kq) 
ELECTRICAL DATA 


Power Supply: 
Phase 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each M InimumM C Ircu It Am pacity: 
product at the time of order may be changed without notice and may not be as described herein. Please contact 
ClimateMaster's Customer Service Department at 1-405-745-6000 for specific information on the current design and 
specifications. Statements and other information contained herein are not express warranties and do not form the 
basis of any bargain between the parties, but are merely ClimateMaster's opinion or commendation of its products. 
The latest version of this document is available at climatemaster.com. 
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Maximum Overcurrent Protection: 
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Unit Features 


THE TRANQUILITY® 30 DIGITAL (TE) SERIES 


As one of the highest efficiency water-source heat pump 

on the planet, the Tranquility® 30 Digital Series raises the 

bar for water-source heat pump efficiencies, features and 
application flexibility. Not only does the Tranquility® 30 
Digital Series far exceed ASHRAE 90.1 efficiencies, but it 
also uses EarthPure® (HFC-410A) zero ozone depletion 
refrigerant, making it an extremely environmentally-friendly 
option. Tranquility® 30 Digital is eligible for additional LEED® 
(Leadership in Energy and Environmental Design) points 
because of its “green” technology design. 


Available in sizes 2 tons (7.0 kW) through 6 tons (19.3 kW) 
with multiple cabinet options (vertical upflow, vertical 
downflow and horizontal) the Tranquility® 30 Digital 

offers a wide range of units for most any installation. The 
Tranquility® 30 Digital has an extended range refrigerant 
circuit, capable of ground loop (geothermal) applications 
as well as water loop (boiler-tower) applications. Standard 
features are many. Copeland UltraTech™ two-stage 
unloading scroll compressor, ECM variable communicating 
fan motor, communicating microprocessor controls, 
galvanized steel cabinet, polyester powder coat paint, 
stainless steel drain pan and foil-backed air handler 
insulation are just some of the features of the innovative 
Tranquility® 30 Digital Series. 


ClimateMaster’s exclusive double isolation compressor 
mounting system makes the Tranquility® 30 Digital one of 
the quietest units on the market. Compressors are mounted 
on specially engineered sound tested EPDM grommets or 
spring vibration isolaters to a heavy gauge mounting plate, 
which is then isolated from the cabinet base with rubber 
grommets for maximized vibration/sound attenuation. User 
friendly installation and maintenance are provided by the 
multiple removable access panels and easy access control 
box. Options such as DDC controls, internal variable soeed 
pumps, modulating water valves, and high efficiency MERV 
rated air filters allow customized design solutions. 


iGate® technology is the next generation in intelligent 
control by using two-way communication to provide a 
gateway into the system. The iGate® control system allows 
end-users and contractors to monitor the performance 

of the unit, custom tailor its operation, and diagnose any 
issues, right from the thermostat. 


The iGate® communications hub is the DXM2 intelligent 
controller, which analyzes the status of sensors and smart 
components (which are also two-way communicating) 

to determine how best to operate the system for 

optimal comfort, efficiency and long-term reliability. All 

of this information is passed to the iGate® thermostat 

(or diagnostic tool), where it can be displayed in plain 
English. And since communication is both ways, the iGate® 
thermostat can also be used to configure and tailor the 
system without even touching the unit. 


vFlow® variable water flow technology represents a major 
advance in geothermal system performance made possible 
through the iGate® system. vFlow® not only builds the 
major water circulation components into the unit for a 
clean installation, it also intelligently varies the water flow 
to minimize pump energy consumption and improve 
system reliability. 


The heart of vFlow® is either a variable-speed pump (for 
ground loops) or modulating water valve (for ground water 
or central variable speed pumps) directly linked into the 
iGate® system. Water flow is automatically varied based 

on changes in unit capacity level (stage) and source water 
temperature to maintain optimum system performance. 
vFlow® allows the use of direct return piping, while 
eliminating external two-ways valves and automatic flow 
regulators. vFlow® systems are inherently self-balancing. 


vFlow® systems provide reduced water pumping power 
compared to traditional fixed-speed pumping and protects 
the unit against extreme operating conditions, extending 
the life of the compressor and air coil. Since vFlow® is built 
inside the unit, it also saves on installation time and makes 
for a very clean and compact installation. The Tranquility® 
30 Digital Series water-source heat pumps are designed to 
meet the challenges of today’s HVAC demands with one of 
the most innovative products available on the market. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 


LC991 - 4 


Rev.: 09 July, 2015 


Page of 


TE SERIES 6GOHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Unit Features 


UNIT FEATURES 


e Sizes 026 (2 ton, 7.0 kW) through 072 (6 tons, 19.3 kW) 

¢ EarthPure® (HFC-410A) refrigerant 

¢ Copeland UltraTech™ two-stage unloading 
scroll compressors 

e ECM variable speed communicating fan motor with soft 
start 

e Exceeds ASHRAE 90.1 efficiencies 

e Part load operation significantly lowers annual operating 
costs 

¢ Galvanized steel construction with attractive black mat 
polyester powder coat paint and silver accents 

e Stainless steel drain pan 

¢ Foil-backed insulation in air handler section 

e Unique double isolation compressor mounting with 
vibration isolation for quiet operation 

e Insulated divider and separate compressor/air 
handler compartments 

e TXV metering device 

e Extended range (20 to 120°F, -6.7 to 48.9°C) operation 


e Advanced Controls - iGate® communicating control 
provides advanced unit functionality and comprehensive 
configuration, monitoring and diagnostic capabilities 
through digital communication links with the variable- 
speed fan motor, variable-speed source pump (or 
modulating valve) and communicating thermostat or 
Configuration/Diagnostic tool. 

e 7 temperature sensor inputs for system protection 
and control 

e Anti-short cycle and over/under voltage protection 

e High pressure, loss of charge, and condensate 
overflow protection 

e LED fault and status indication at controller 

e Service tool port for optional setup and 
diagnostics at unit 

e LonWorks, BACnet, Modbus and Johnson N2 
compatibility options for DDC controls 

e Field convertible discharge air arrangement for 
horizontal units 

e Easy access control box 

e Flush securely-mounted corner post water connections 
(no backup wrench required) 

e Unit Performance Sentinel performance 
monitoring system 

e Eight Safeties Standard 

e Wide variety of options including ultra quiet sound 
insulation, extended range insulation, return air filter 
frames, variable and fixed speed circulating pumps, 
modulating motorized valves, hot water generator, and 
cupro-nickel water coil 
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iGate® Communicating Controls 


iGate® Information gateway to monitor, control and 
diagnose your system 

Tranquility® 30 Digital is equipped with industry-first, 
iGate® — Information Gateway — 2-way communicating 
system that allows users to interact with their geothermal 
system in plain English AND delivers improved reliability 
and efficiency by precisely controlling smart variable speed 
components. iGate® makes Tranquility® Digital series the 
easiest geothermal products to install and service. 


Monitor/Configure — Installers can configure Tranquility® 
30 Digital units from the iGate® communicating thermostat 
or configuration/diagnostic tool, including: Air flow, loop 
AT, water-flow option configuration, unit configuration, 
accessory configuration, and demand reduction (optional, 
to limit unit operation during peak times). Users can look 
up the current system status: temperature sensor readings 
and operational status of the blower and pump. 


Precise Control — The new DXM2 board enables 
intelligent, 2-way communication between the DXM2 
board and smart components like the communicating 
thermostat, fan motor, and water pump. The DXM2 
control can also directly control the modulating valve and 
accepts various feedback/input (see figure). The Intelligent 
DXM2 board uses information received from the smart 
components and sensors to precisely control operation 
of variable speed fan, variable speed water pump (or 
modulating valve) to deliver higher efficiency, reliability 
and increased comfort. 


Diagnostics — iGate® takes diagnosing geothermal units 
to a next level of simplicity, by providing a dashboard of 
system and fault information, in plain English, on the iGate 
thermostat/ service tool. 


iGate® Service Warning warns the occupant of a fault and 
displays fault description, possible causes and current 
system status (temperature readings, fan RPM and water 
flow status) which may be reported to service personnel. 


In iGate® Service Mode, the service personnel can access 
fault description, possible causes and most importantly, 
the conditions (temp, flow, i/o conditions, configuration) 

at the time of the fault. Manual Operation mode allows 
the service personnel to manually command operation for 
any of the thermostat outputs, blower speed, as well as 
pump speed or valve position from the thermostat, to help 
troubleshoot specific components. 


With iGate® communicating system, users and contractors 
have a gateway to system information never before 
available. 


Communicating 
Thermostat 


Sensors 


Diagnostic 
Tool 
Two-Way Communication 
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Modulating Speed 
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vFlow® Internal Variable Water Flow Control 


vFlow® Internal Variable Water Flow 

Industry-first, Built-in vFlow® provide an ultra-high- 
efficient, variable speed, internal water flow system. It 
saves installers time and labor by avoiding installing bulky 
external pumps, valves, or flow regulators. Multi-unit 
installations are also much simpler with vFlow® systems, as 


the units automatically adjust water flow across the system. 


vFlow® is enabled by iGate®, which facilitates intelligent 
communication between the thermostat, DXM2 control, 
sensors and internal water pump/valve to make true 
variable water flow a reality. 


vFlow?® is available in four variations: 

1. Low System Pressure Drop Modulating Valve — High CV 
motorized valve for central pumping. 

2. High System Pressure Drop Modulating Valve — Motorized 
valve for higher pressure water system such as water well 
pumps. 

3. Standard Head Variable Pump — multi unit/central pumping. 

4. High Head Variable Pump — multi/individual unit pumping. 


vFlow® delivers three main benefits: 

1. Easier and quicker unit installation as the flow control is 
built in to the unit. 

2. Superior reliability by varying the water flow to deliver 
more stable operation. 

3. Higher cost savings by varying the flow (and pump watt 
consumption) to match the unit's mode of operation. 


Internal components 

Tranquility® 30 Digital can be installed more easily and 
compactly than its predecessors because water-flow 
components are internal to the unit. It also saves installing 
contractors labor and time by eliminating the need for 

an external flow regulator or a bulky external pumping 
module. 


Variable flow 

vFlow® technology enables variable water flow through 
the unit, with the DXM2 control adjusting the pump speed 
to maintain an installer-set loop delta T. By controlling 
the water flow, the system is able to operate at its optimal 
capacity and efficiency. vFlow® provides a lower flow rate 
for part load where units typically operate 80% of the time 


and a higher, more normal flow rate for full load operation. 


Energy Savings with water circulation control 

Units with vFlow® deliver higher operating cost savings 
by varying the water flow to match the unit's operation 
(ex: lower water flow when unit is in part load operation). 
Lowering the flow results in lower energy consumption by 
the water pump (=higher cost savings) in vFlow® units. 


ae 


Variable speed pump or motorized modulating 
valve delivers variable water-flow, controlled 
by DXM2 control, based on loop water AT. 


In applications using vFlow® with internal variable- 
speed (ECM) pump, the ECM pump uses fewer watts 
than a fixed speed (PSC) pump, even at full load (see 
chart). The ECM pump excels in energy savings in part 
load, saving 70-80% watts compared to fixed speed 
pumps. The ECM pump can operate with independent 
flow rates for heating and cooling, further saving more 
energy. 


In applications using vFlow® with modulating valve, 
when the motorized modulating valve slows down the 
water flow during part load operation, the external 
pump consumes fewer watts, thus saving more energy. 
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Selection Procedure 


Reference Calculations 


Heating Cooling 


Lwt = ewr- HE _ Lwt = ewr +R — LC =TC-SC 


GPM x 500 GPM x 500 


HC sc SC 
LAT = EAT + =<———— LAT (DB) = EAT (DB) - ——-*— S/T = — 
CFM x1.08 (PE) (DE) CFM x1.08 TC 


Legend and Glossary of Abbreviations 


BTUH = BTU( British Thermal Unit) per hour HWC = hot water generator (desuperheater) capacity, Mbtuh 

CFM = airflow, cubic feet/minute FPT = female pipe thread 

COP = coefficient of performance = BTUH output/BTUH input KW = total power unit input, kilowatts 

DB = dry bulb temperature (°F) LAT = leaving air temperature, °F 

EAT = entering air temperature, Fahrenheit (dry bulb/wet bulb) LC = latent cooling capacity, BTUH 

EER = energy efficiency ratio = BTUH output/Watt input LWT = leaving water temperature, °F 

MPT =male pipe thread MBTUH = 1000 BTU per hour 

ESP = external static pressure (inches w.g.) S/T = sensible to total cooling ratio 

EWT = entering water temperature SC = sensible cooling capacity, BTUH 
GPM = water flow in U.S. gallons/minute TC = total cooling capacity, BTUH 

HE = total heat of extraction, BTUH WB = wet bulb temperature (°F) 
HC = air heating capacity, BTUH WPD = waterside pressure drop (psi & ft. of hd.) 
HR = total heat of rejection, BTUH 


Conversion Table - to convert inch-pound (English) to S-I (Metric) 


Water Flow Ext Static Pressure Water Pressure Drop 


Airflow (L/s) = CFM x 0.472 | Water Flow (L/s) = gpm x 0.0631 ESP (Pa) = ESP (in of wg) x 249 PD (kPa) = PD (ft of hd) x 2.99 
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Selection Procedure 


Step 1 Determine the actual heating and cooling loads at the 
desired dry bulb and wet bulb conditions. 
Step 2 Obtain the following design parameters: Entering water 
temperature, water flow rate in GPM, air flow in CFM, 
water flow pressure drop and design wet and dry bulb 
temperatures. Air flow CFM should be between 300 and 
450 CFM per ton. Unit water pressure drop should be kept 
as close as possible to each other to make water balancing 
easier. Go to the appropriate tables and find the proper 
indicated water flow and water temperature. 


Step 3 Select a unit based on total and sensible cooling 
conditions. Select a unit which is closest to, but no larger 
than, the actual cooling load. 

Step 4 Enter tables at the design water flow and water 

temperature. Read the total and sensible cooling 

capacities (Note: interpolation is permissible, 
extrapolation is not). 

Step 5 Read the heating capacity. If it exceeds the design criteria 

it is acceptable. It is quite normal for Water-Source Heat 

Pumps to be selected on cooling capacity only since the 

heating output is usually greater than the cooling capacity. 


Determine the correction factors associated with the 
variable factors of dry bulb and wet bulb. 


Step 6 


Corrected Total Cooling = 

tabulated total cooling x wet bulb correction. 

Corrected Sensible Cooling = 

tabulated sensible cooling x wet/dry bulb correction. 
Step 7 Compare the corrected capacities to the load 
requirements. Normally if the capacities are within 10% 
of the loads, the equipment is acceptable. It is better to 
undersize than oversize, as undersizing improves humidity 
control, reduces sound levels and extends the life of the 
equipment. 
Step 8 When completed, calculate water temperature rise and 
assess the selection. If the units selected are not within 
10% of the load calculations, then review what effect 
changing the GPM, water temperature and/or air flow and 
air temperature would have on the corrected capacities. 
If the desired capacity cannot be achieved, select the 
next larger or smaller unit and repeat the procedure. 
Remember, when in doubt, undersize slightly for best 
performance. 


Example Equipment Selection For Cooling 
Step 1 Load Determination: 
Assume we have determined that the appropriate cooling load 


at the desired dry bulb 80°F and wet bulb 65°F conditions is as 
follows: 


TOtal \COGIAG \s:... ssenssssesarnreenazseeenepensaneneess cen eperess 22,100 BTUH 
Sensible Cooling.........cececeeeceeeeeeeeeseeeeeteees 16,500 BTUH 
Entering Air Temp...........00 80°F Dry Bulb / 65°F Wet Bulb 


Step 2 Design Conditions: 


Similarly, we have also obtained the following design 
parameters: 


Entering Water TEMp........:ceccecseseeseseeseeseeteetseteeeeseesenees 90°F 
Water Flow (Based upon 10°F rise in temp.) .......... 6.0 GPM 
PCI Wises ta cos os casas togesae Ss cap iateceatal ap apedatenessanenes 730 CFM 


Step 3, 4 & 5 HP Selection: 


After making our preliminary selection (TEHO26 - Full Load), we 
enter the tables at design water flow and water temperature and 
read Total Cooling, Sens. Cooling and Heat of Rej. capacities: 
Total COOMMG sz tsssscihdautencd Serterneethcgeacenedeaentes 24,200 BTUH 
16,300 BTUH 
29,900 BTUH 


Sensible Cooling 


Heat of Rejection 
Step 6 &7 Entering Air and Airflow Corrections: 
Next, we determine our correction factors. 


Table Ent Air Air Flow Corrected 
Corrected Total Cooling = 24,200 x 0.975 x 0.978 = 23,076 
Corrected Sens Cooling = 16,300 x 1.096 x 0.926 = 16,543 


Corrected Heat of Reject = 29,900 x 0.979 x 0.978 = 28,628 


Step 8 Water Temperature Rise Calculation & Assessment: 
Actual Temperature RiS@.........cccceceeeseeeteeseteettteeeees 9.5°F 


When we compare the Corrected Total Cooling and Corrected 
Sensible Cooling figures with our load requirements stated 

in Step 1, we discover that our selection is within +/- 10% of 

our sensible load requirement. Furthermore, we see that our 
Corrected Total Cooling figure is within 1,000 Btuh of the actual 
indicated load. 
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TE Series Nomenclature 


1 2 3 
SERIES 


TE = Tranquility® 30 Digital 
UNIT SIZE 
026 E,F,G,H 


45 6 7 8 


CONFIGURATION 
V = Vertical Up 
H = Horizontal 
D = Downflow 


REVISION LEVEL 


B = Current Revision 


VOLTAGE 
G = 208/230/60/1 
E = 265/60/1 

F = 460/60/3 

H = 208/230/60/3 


CONTROLS 
D = DXM2 
M = DXM2 wiLON 


0 2 6] |B} |G 


10 


1 


P = DXM2 w/MPC 


B = DXM2 
K = DXM2 w/LON 
S = DXM2 w/MPC 


} With Disconnect 


15 


10 1213 


By (L| 


14 


STANDARD 
S = Standard 


SUPPLY AIR FLOW & 
MOTOR CONFIGURATION 


Configuration 
TEV 


Straight 
Down 


RETURN AIR FLOW CONFIGURATION 


L = Left Return 
R = Right Return 


HEAT EXCHANGER OPTIONS 
Uncoated Copper 
Air Coil 
Copper | Cupro-Nickel Cupro-Nickel 
Standard B G J 
HWG (Coil Only) WwW. 
Sizes 026 to 049 always have an all-aluminum microchannel air coil. 


Sizes 064 and 072 have an aluminum fin copper tube air coil with an option 
for tin plated copper tubes for added corrosion protection. 


Tin Plated Copper/Micro- 
Channel Aluminuum Air Coil 


WATER CIRCUIT OPTIONS 

= None 

3 = Internal Pump Standard Head (Variable) UPM-Geo 

4 = Internal Pump High Head (Variable) Magna Pump 

5 = Motorized Valve (Modulating) Closed Loop Applications, Low System Pressure Drop 
6 = Motorized Valve (Modulating) Open Loop Applications, High System Pressure Drop 
7 = Internal Secondary Pump - Single Speed 


CABINET 


1" FILTER} 2" FILTER | 1" FILTER| 2” FILTER} 
RACK RACK 


YES 


NO 


EXTENDED RANGE 


STANDARD RANGE 
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Performance Data AHRI/ASHRAE/ISO 13256-1 


ASHRAE/AHRI/ISO 13256-1. English (I-P) Units 
Water Loop Heat Pump Ground Water Heat Pump Ground Loop Heat Pump 


Full Cool 77°F Full Heat 32°F 
Part Cool 68°F Part Heat 41°F 


Capacity | EER Capacity cop Capacity EER Capacity cop Capacity | EER Capacity 
Btuh Btuh/w Btuh Btuh Btuh/w Btuh Btuh Btuh/w Btuh 


TE026 Part 19,200 19.8 23,600 7.0 22,000 34.1 19,000 5.8 20,800 28.0 16,800 5.0 
TE026 Full 25,000 17.4 31,400 6.0 28,500 26.4 25,800 5.3 26,000 19.9 20,200 4.1 
TE038 Part 27,400 20.1 32,600 6.5 30,700 34.4 27,300 5.5 29,700 29.6 23,800 4.8 
TE038 Full 37,700 17.9 45,700 5.8 42,100 26.1 37,900 5.2 39,000 20.3 29,700 44 
TE049 Part 36,300 18.8 42,200 6.1 41,800 32.9 34,800 5.0 39,100 27.4 29,800 44 
TE049 Full 48,600 16.8 56,700 5.4 55,000 25.3 46,800 4.6 49,600 19.3 36,400 4.0 
TE064 Part 46,300 18.7 54,700 6.0 53,100 32.4 44,000 5.0 51,200 26.7 38,100 44 
TE064 Full 61,500 16.2 77,400 5.4 71,500 24.4 63,200 4.8 66,200 18.8 48,700 3.9 
TE072 Part 53,000 16.8 64,600 5.2 60,800 28.6 53,200 4.5 58,100 23.2 46,000 3.9 
TE072 Full 68,300 15.1 85,300 4.8 77,700 22.5 71,400 44 71,700 16.9 55,800 3.7 


Cooling 86°F Heating 68°F Cooling 59°F Heating 50°F 


COP 


Cooling capacities based upon 80.6°F DB, 66.2°F WB entering air temperature 
Heating capacities based upon 68°F DB, 59°F WB entering air temperature 
Ground Loop Heat Pump ratings based on 15% antifreeze solution 

All ratings based upon operation at lower voltage of dual voltage rated models 


ASHRAE/AHRI/ISO 13256-1. Metric (S-I) Units 


Water Loop Heat Pump Ground Water Heat Pump Ground Loop Heat Pump 


Full Cool 25°C Full Heat 0°C 
Part Cool 20°C Part Heat 5°C 


Capacity | EER Capacity cop Capacity EER Capacity cop Capacity | EER Capacity 
kw wiw kw kw Wwiw kw kw Wwiw kw 


TE026 Part 5.63 5.8 6.91 7.0 6.45 10 5.57 5.8 6.09 8.2 4.92 5.0 
TE026 Full 7.32 5.1 9.20 6.0 8.35 7.7 7.56 5.3 7.62 5.8 5.92 4.1 
TE038 Part 8.03 5.9 9.55 6.5 9.00 10.1 8.00 5.5 8.70 8.7 6.97 4.8 
TE038 Full 11.05 5.2 13.39 5.8 12.34 7.7 11.10 5.2 11.43 5.9 8.70 44 
TE049 Part 10.64 5.5 12.36 6.1 12.25 9.6 10.20 5.0 11.46 8.0 8.73 44 
TE049 Full 14.24 4.9 16.61 5.1 16.11 74 13.71 4.6 14.53 5.7 10.67 4.0 
TE064 Part 13.57 5.5 16.03 6.0 15.56 9.5 12.90 5.0 15.01 7.8 11.17 44 
TE064 Full 18.02 4.7 22.68 5.4 20.96 7.2 18.52 4.8 19.40 5.5 14.27 3.9 
TE072 Part 15.53 4.9 18.93 5.2 17.82 8.4 15.59 4.5 17.03 6.8 13.48 3.9 
TE072 Full 20.02 44 25.00 4.8 22.11 6.6 20..93 44 21.01 5.0 16.35 3.7 


Cooling 30°C Heating 20°C Cooling 15°C Heating 10°C 


COP 


Cooling capacities based upon 27°C DB, 19°C WEB entering air temperature 
Heating capacities based upon 20°C DB, 15°C WB entering air temperature 
Ground Loop Heat Pump ratings based on 15% antifreeze solution 

All ratings based upon operation at lower voltage of dual voltage rated models 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 60OHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data Selection Notes - vFlow® Models 


Operation in Shaded Area: Closed Loop Application 


For operation in the shaded area, appropriate levels of a 
proper antifreeze should be used in systems with leaving 
water temperatures of 40°F or below and the JW3 jumper 
should be clipped. This is due to the potential of the 
refrigerant temperature being as low as 32°F [0°C] with 40°F 
[4.4°C] LWT, which may lead to a nuisance cutout due to the 
activation of the Low Temperature Protection. JW3 should 
never be clipped for systems without antifreeze. 


émmended in this range. Also Clip JW3 on DXM2 bos 


Heating - EAT 70°F 
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Open Loop Application: 


For operation in shaded area (below 40°F LWT) in open loop 
applications, AT (on DXM2) should be set such that the LWT 

(=EWT - AT) doesn't drop below 40°F. JW3 should NEVER be 
clipped for systems without antifreeze. 
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Performance Data Selection Notes - Models without vFlow® 


For operation in the shaded area when water is used in lieu of 
an antifreeze solution, the LWT (Leaving Water Temperature) 
must be calculated. Flow must be maintained to a level such 
that the LWT is maintained above 40°F [4.4°C] when the 

JW3 jumper is not clipped (see example below). Otherwise, 
appropriate levels of a proper antifreeze solution should 

be used in systems with leaving water temperatures of 40°F 
[4.4°C] or below and the JW3 jumper should be clipped. This 
is due to the potential of the refrigerant temperature being as 
low as 32°F [0°C] with 40°F [4.4°C] LWT, which may lead to a 
nuisance cutout due to the activation of the Low Temperature 
Protection. JW3 should never be clipped for standard range 
equipment or systems without antifreeze. 


Heating - EAT 70°F 


Airflow 
CFM 


825 \ 
710 13.6 1.09 10.1 87.8. 3.66 
825 13.8 1.06 10.3 85.5 3.81 
710 14.2 1.09 10.7 88.5 3.81 
825 14.4 1.06 10.9 86.1 3.97 
710 14.4 1.09 10.9 88.8 3.86 
825 14.6 1.06 ilies 86.3 4.02 
710 16.1 
825 16.2 
710 16.7 


Example: 825 16.9 12 13.3 89.0 4.42 
710 16.9 16 132 92.1 4.30 
825 dial 12 135 892 4.47 


At 50°F EWT (Entering Water Temperature) and 1.5 gpm/ 
ton, a 3 ton unit has a HE of 22,500 Btuh. To calculate LWT, 
rearrange the formula for HE as follows: 


825 18.5 
710 hal 
825 19.3 
710 19.3 


1 
1 
{ 
{ 
1 
ale 
710 18.3 1.18 14.5 93.9 4.56 
1 
1 
1 
1 
825 1 


HE = TD x GPM x 500, where HE = Heat of Extraction (Btuh); 
TD = temperature difference (EWT - LWT) and GPM = U.S. 
Gallons per Minute. 


TD = HE / (GPM x 500) 
TD = 22,500 / (4.5 x 500) 


TD = 10°F 
LWT = EWT - TD 
LWT = 50 - 10 = 40°F 


In this example, as long as the EWT does not fall below 50°F, the system will operate as designed. For EWTs below 50°F, higher 
flow rates will be required (open loop systems, for example, require at least 2 gom/ton when EWT is below 50°F). 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 60HZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data — TE H/V/D 026 (Part Load), No vFlow® 


850 CFM Nominal (Rated) Airflow Heating, 750 CFM Nominal (Rated) Airflow Cooling Performance capacities shown in thousands of Btuh 


COOLING - EAT 80/67 °F HEATING - 70°F 


kw HR EER | HWC | CFM HE LAT 


7A 84.2 
82.7 


Interpolation is permissible, extrapolation is not. All performance data is based on the lower voltage of dual voltage units. 

Performance stated is at the rated power supply, performance may vary as the power supply varies from the rated. 

Table is with entering air of 80°F DB and 67°F WB in cooling, and 70°F DB in heating. 

AHRI/ISO certified conditions are 80.6°F DB and 66.2°F WB in cooling and 68°F DB in heating. 

Table does not reflect fan or pump power corrections for AHRI/ISO conditions. 

See performance correction tables for operating conditions other than those listed above. See performance data selection notes for operation in the shaded areas. 
Operation below 40°F EWT is based on a 15% methanol antifreeze solution. 

Operation below 60°F EWT requires optional extended range insulated water and refrigerant circuits to avoid condensation within the unit cabinet. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 60HZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data — TE H/V/D 026 (Full Load), No vFlow® 


950 CFM Nominal (Rated) Airflow Heating, 850 CFM Nominal (Rated) Airflow Cooling Performance capacities shown in thousands of Btuh 


COOLING - EAT 80/67 °F HEATING - 70°F 


kw HR EER | HWC | CFM kW LAT 


1.73 f 82.7 
81.4 


Interpolation is permissible, extrapolation is not. All performance data is based on the lower voltage of dual voltage units. 

Performance stated is at the rated power supply, performance may vary as the power supply varies from the rated. 

Table is with entering air of 80°F DB and 67°F WB in cooling, and 70°F DB in heating. 

AHRI/ISO certified conditions are 80.6°F DB and 66.2°F WB in cooling and 68°F DB in heating. 

Table does not reflect fan or pump power corrections for AHRI/ISO conditions. 

See performance correction tables for operating conditions other than those listed above. See performance data selection notes for operation in the shaded areas. 
Operation below 40°F EWT is based on a 15% methanol antifreeze solution. 

Operation below 60°F EWT requires optional extended range insulated water and refrigerant circuits to avoid condensation within the unit cabinet. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 60HZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data — TE H/V/D 038 (Part Load), No vFlow® 


1000 CFM Nominal (Rated) Airflow Heating, 1000 CFM Nominal (Rated) Airflow Cooling Performance capacities shown in thousands of Btuh 


COOLING - EAT 80/67 °F HEATING - 70°F 


kw HR EER | HWC | CFM kW LAT 


1.65 : 87.8 
85.9 
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Interpolation is permissible, extrapolation is not. All performance data is based on the lower voltage of dual voltage units. 

Performance stated is at the rated power supply, performance may vary as the power supply varies from the rated. 

Table is with entering air of 80°F DB and 67°F WB in cooling, and 70°F DB in heating. 

AHRI/ISO certified conditions are 80.6°F DB and 66.2°F WB in cooling and 68°F DB in heating. 

Table does not reflect fan or pump power corrections for AHRI/ISO conditions. 

See performance correction tables for operating conditions other than those listed above. See performance data selection notes for operation in the shaded areas. 
Operation below 40°F EWT is based on a 15% methanol antifreeze solution. 

Operation below 60°F EWT requires optional extended range insulated water and refrigerant circuits to avoid condensation within the unit cabinet. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 60HZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data — TE H/V/D 038 (Full Load), No vFlow® 


1250 CFM Nominal (Rated) Airflow Heating, 1250 CFM Nominal (Rated) Airflow Cooling Performance capacities shown in thousands of Btuh 


COOLING - EAT 80/67 °F HEATING - 70°F 


kw HR EER | HWC | CFM kW HE LAT 


PPS N43 le 
18.2 89.0 


Interpolation is permissible, extrapolation is not. All performance data is based on the lower voltage of dual voltage units. 

Performance stated is at the rated power supply, performance may vary as the power supply varies from the rated. 

Table is with entering air of 80°F DB and 67°F WB in cooling, and 70°F DB in heating. 

AHRI/ISO certified conditions are 80.6°F DB and 66.2°F WB in cooling and 68°F DB in heating. 

Table does not reflect fan or pump power corrections for AHRI/ISO conditions. 

See performance correction tables for operating conditions other than those listed above. See performance data selection notes for operation in the shaded areas. 
Operation below 40°F EWT is based on a 15% methanol antifreeze solution. 

Operation below 60°F EWT requires optional extended range insulated water and refrigerant circuits to avoid condensation within the unit cabinet. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 60HZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data — TE H/V/D 049 (Part Load), No vFlow® 


1350 CFM Nominal (Rated) Airflow Heating, 1350 CFM Nominal (Rated) Airflow Cooling Performance capacities shown in thousands of Btuh 


COOLING - EAT 80/67 °F HEATING - 70°F 


kw HR EER | HWC | CFM kW HE LAT 


2.37 14.9 87.7 
85.8 


16 


Interpolation is permissible, extrapolation is not. All performance data is based on the lower voltage of dual voltage units. 

Performance stated is at the rated power supply, performance may vary as the power supply varies from the rated. 

Table is with entering air of 80°F DB and 67°F WB in cooling, and 70°F DB in heating. 

AHRI/ISO certified conditions are 80.6°F DB and 66.2°F WB in cooling and 68°F DB in heating. 

Table does not reflect fan or pump power corrections for AHRI/ISO conditions. 

See performance correction tables for operating conditions other than those listed above. See performance data selection notes for operation in the shaded areas. 
Operation below 40°F EWT is based on a 15% methanol antifreeze solution. 

Operation below 60°F EWT requires optional extended range insulated water and refrigerant circuits to avoid condensation within the unit cabinet. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 60HZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data — TE H/V/D 049 (Full Load), No vFlow® 


1650 CFM Nominal (Rated) Airflow Heating, 1550 CFM Nominal (Rated) Airflow Cooling Performance capacities shown in thousands of Btuh 


COOLING - EAT 80/67 °F HEATING - 70°F 


kw HR EER | HWC | CFM LAT 


90.1 
Sve) 


Interpolation is permissible, extrapolation is not. All performance data is based on the lower voltage of dual voltage units. 

Performance stated is at the rated power supply, performance may vary as the power supply varies from the rated. 

Table is with entering air of 80°F DB and 67°F WB in cooling, and 70°F DB in heating. 

AHRI/ISO certified conditions are 80.6°F DB and 66.2°F WB in cooling and 68°F DB in heating. 

Table does not reflect fan or pump power corrections for AHRI/ISO conditions. 

See performance correction tables for operating conditions other than those listed above. See performance data selection notes for operation in the shaded areas. 
Operation below 40°F EWT is based on a 15% methanol antifreeze solution. 

Operation below 60°F EWT requires optional extended range insulated water and refrigerant circuits to avoid condensation within the unit cabinet. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 60HZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data — TE H/V/D 064 (Part Load), No vFlow® 


1650 CFM Nominal (Rated) Airflow Heating, 1500 CFM Nominal (Rated) Airflow Cooling Performance capacities shown in thousands of Btuh 


COOLING - EAT 80/67 °F HEATING - 70°F 


kw HE LAT 


2.87 18.7 88.0 
2.75 _ 19.3 


Interpolation is permissible, extrapolation is not. All performance data is based on the lower voltage of dual voltage units. 

Performance stated is at the rated power supply, performance may vary as the power supply varies from the rated. 

Table is with entering air of 80°F DB and 67°F WB in cooling, and 70°F DB in heating. 

AHRI/ISO certified conditions are 80.6°F DB and 66.2°F WB in cooling and 68°F DB in heating. 

Table does not reflect fan or pump power corrections for AHRI/ISO conditions. 

See performance correction tables for operating conditions other than those listed above. See performance data selection notes for operation in the shaded areas. 
Operation below 40°F EWT is based on a 15% methanol antifreeze solution. 

Operation below 60°F EWT requires optional extended range insulated water and refrigerant circuits to avoid condensation within the unit cabinet. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 60HZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data — TE H/V/D 064 (Full Load), No vFlow® 


2050 CFM Nominal (Rated) Airflow Heating, 1850 CFM Nominal (Rated) Airflow Cooling Performance capacities shown in thousands of Btuh 


COOLING - EAT 80/67 °F HEATING - 70°F 


kw HR EER | HWC | CFM kw HE LAT 


S109 29100 92.0 
3.77 ! 89.6 


Interpolation is permissible, extrapolation is not. All performance data is based on the lower voltage of dual voltage units. 

Performance stated is at the rated power supply, performance may vary as the power supply varies from the rated. 

Table is with entering air of 80°F DB and 67°F WB in cooling, and 70°F DB in heating. 

AHRI/ISO certified conditions are 80.6°F DB and 66.2°F WB in cooling and 68°F DB in heating. 

Table does not reflect fan or pump power corrections for AHRI/ISO conditions. 

See performance correction tables for operating conditions other than those listed above. See performance data selection notes for operation in the shaded areas. 
Operation below 40°F EWT is based on a 15% methanol antifreeze solution. 

Operation below 60°F EWT requires optional extended range insulated water and refrigerant circuits to avoid condensation within the unit cabinet. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 60HZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data — TE H/V/D 072 (Part Load), No vFlow® 


1650 CFM Nominal (Rated) Airflow Heating, 1550 CFM Nominal (Rated) Airflow Cooling Performance capacities shown in thousands of Btuh 


COOLING - EAT 80/67 °F HEATING - 70°F 


kw HR EER | HWC | CFM kW HE LAT 


3.66 20.9 91.0 
21.4 


Interpolation is permissible, extrapolation is not. All performance data is based on the lower voltage of dual voltage units. 

Performance stated is at the rated power supply, performance may vary as the power supply varies from the rated. 

Table is with entering air of 80°F DB and 67°F WB in cooling, and 70°F DB in heating. 

AHRI/ISO certified conditions are 80.6°F DB and 66.2°F WB in cooling and 68°F DB in heating. 

Table does not reflect fan or pump power corrections for AHRI/ISO conditions. 

See performance correction tables for operating conditions other than those listed above. See performance data selection notes for operation in the shaded areas. 
Operation below 40°F EWT is based on a 15% methanol antifreeze solution. 

Operation below 60°F EWT requires optional extended range insulated water and refrigerant circuits to avoid condensation within the unit cabinet. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 60HZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data — TE H/V/D 072 (Full Load), No vFlow® 


2050 CFM Nominal (Rated) Airflow Heating, 1850 CFM Nominal (Rated) Airflow Cooling Performance capacities shown in thousands of Btuh 


COOLING - EAT 80/67 °F HEATING - 70°F 


kw HR EER | HWC | CFM kw HE LAT 


466 31.1 94.0 
452.319 914 


Interpolation is permissible, extrapolation is not. All performance data is based on the lower voltage of dual voltage units. 

Performance stated is at the rated power supply, performance may vary as the power supply varies from the rated. 

Table is with entering air of 80°F DB and 67°F WB in cooling, and 70°F DB in heating. 

AHRI/ISO certified conditions are 80.6°F DB and 66.2°F WB in cooling and 68°F DB in heating. 

Table does not reflect fan or pump power corrections for AHRI/ISO conditions. 

See performance correction tables for operating conditions other than those listed above. See performance data selection notes for operation in the shaded areas. 
Operation below 40°F EWT is based on a 15% methanol antifreeze solution. 

Operation below 60°F EWT requires optional extended range insulated water and refrigerant circuits to avoid condensation within the unit cabinet. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 6O0OHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data — TE H/V/D 026 (Part Load), With vFlow® 


850 CFM Nominal (Rated) Airflow Heating, 750 CFM Nominal (Rated) Airflow Cooling Performance capacities shown in thousands of Btuh 


COOLING - EAT 80/67 °F HEATING - 70°F 
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Interpolation is permissible, extrapolation is not. All performance data is based on the lower voltage of dual voltage units. 

Performance stated is at the rated power supply, performance may vary as the power supply varies from the rated. 

Table is with entering air of 80°F DB and 67°F WB in cooling, and 70°F DB in heating. 

AHRI/ISO certified conditions are 80.6°F DB and 66.2°F WB in cooling and 68°F DB in heating. 

Table does not reflect fan or pump power corrections for AHRI/ISO conditions. 

See performance correction tables for operating conditions other than those listed above. See performance data selection notes for operation in the shaded areas. 
Operation below 40°F EWT is based on a 15% methanol antifreeze solution. 

Operation below 60°F EWT requires optional extended range insulated water and refrigerant circuits to avoid condensation within the unit cabinet. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 6OHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data — TE H/V/D 026 (Full Load), With vFlow® 


950 CFM Nominal (Rated) Airflow Heating, 850 CFM Nominal (Rated) Airflow Cooling Performance capacities shown in thousands of Btuh 


COOLING - EAT 80/67 °F HEATING - 70°F 


sc HR | EER HE | COP | LAT 


18.1 : 33.2 25.3 d : : : : LON 2:Sieco:2 
dil OMer2-OeOOfS: 


1.3 
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Interpolation is permissible, extrapolation is not. All performance data is based on the lower voltage of dual voltage units. 

Performance stated is at the rated power supply, performance may vary as the power supply varies from the rated. 

Table is with entering air of 80°F DB and 67°F WB in cooling, and 70°F DB in heating. 

AHRI/ISO certified conditions are 80.6°F DB and 66.2°F WB in cooling and 68°F DB in heating. 

Table does not reflect fan or pump power corrections for AHRI/ISO conditions. 

See performance correction tables for operating conditions other than those listed above. See performance data selection notes for operation in the shaded areas. 
Operation below 40°F EWT is based on a 15% methanol antifreeze solution. 

Operation below 60°F EWT requires optional extended range insulated water and refrigerant circuits to avoid condensation within the unit cabinet. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 


LC991 - 24 Rev.: 09 July, 2015 Page of 


TE SERIES 60OHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data — TE H/V/D 038 (Part Load), With vFlow® 


1000 CFM Nominal (Rated) Airflow Heating, 1000 CFM Nominal (Rated) Airflow Cooling Performance capacities shown in thousands of Btuh 


COOLING - EAT 80/67 °F HEATING - 70°F 


HE LAT 


11.5 : 87.8 
11.8 
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Interpolation is permissible, extrapolation is not. All performance data is based on the lower voltage of dual voltage units. 

Performance stated is at the rated power supply, performance may vary as the power supply varies from the rated. 

Table is with entering air of 80°F DB and 67°F WB in cooling, and 70°F DB in heating. 

AHRI/ISO certified conditions are 80.6°F DB and 66.2°F WB in cooling and 68°F DB in heating. 

Table does not reflect fan or pump power corrections for AHRI/ISO conditions. 

See performance correction tables for operating conditions other than those listed above. See performance data selection notes for operation in the shaded areas. 
Operation below 40°F EWT is based on a 15% methanol antifreeze solution. 

Operation below 60°F EWT requires optional extended range insulated water and refrigerant circuits to avoid condensation within the unit cabinet. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 6GOHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data — TE H/V/D 038 (Full Load), With vFlow® 


1250 CFM Nominal (Rated) Airflow Heating, 1250 CFM Nominal (Rated) Airflow Cooling Performance capacities shown in thousands of Btuh 


COOLING - EAT 80/67 °F HEATING - 70°F 


Sc HR | EER HE | COP |) LAT 


26.6 : 49.9 26.0 d : F : Wes Se) Oily 
28.6 : d : : : : ; : i a 18.2 3.5 


Interpolation is permissible, extrapolation is not. All performance data is based on the lower voltage of dual voltage units. 

Performance stated is at the rated power supply, performance may vary as the power supply varies from the rated. 

Table is with entering air of 80°F DB and 67°F WB in cooling, and 70°F DB in heating. 

AHRI/ISO certified conditions are 80.6°F DB and 66.2°F WB in cooling and 68°F DB in heating. 

Table does not reflect fan or pump power corrections for AHRI/ISO conditions. 

See performance correction tables for operating conditions other than those listed above. See performance data selection notes for operation in the shaded areas. 
Operation below 40°F EWT is based on a 15% methanol antifreeze solution. 

Operation below 60°F EWT requires optional extended range insulated water and refrigerant circuits to avoid condensation within the unit cabinet. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 6GOHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data — TE H/V/D 049 (Part Load), With vFlow® 


1350 CFM Nominal (Rated) Airflow Heating, 1350 CFM Nominal (Rated) Airflow Cooling Performance capacities shown in thousands of Btuh 


COOLING - EAT 80/67 °F HEATING - 70°F 


HE LAT 


14.9 : 87.7 
85.8 
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Interpolation is permissible, extrapolation is not. All performance data is based on the lower voltage of dual voltage units. 

Performance stated is at the rated power supply, performance may vary as the power supply varies from the rated. 

Table is with entering air of 80°F DB and 67°F WB in cooling, and 70°F DB in heating. 

AHRI/ISO certified conditions are 80.6°F DB and 66.2°F WB in cooling and 68°F DB in heating. 

Table does not reflect fan or pump power corrections for AHRI/ISO conditions. 

See performance correction tables for operating conditions other than those listed above. See performance data selection notes for operation in the shaded areas. 
Operation below 40°F EWT is based on a 15% methanol antifreeze solution. 

Operation below 60°F EWT requires optional extended range insulated water and refrigerant circuits to avoid condensation within the unit cabinet. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 6GOHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data — TE H/V/D 049 (Full Load), With vFlow® 


1650 CFM Nominal (Rated) Airflow Heating, 1550 CFM Nominal (Rated) Airflow Cooling Performance capacities shown in thousands of Btuh 


COOLING - EAT 80/67 °F HEATING - 70°F 


Sc HR | EER HE LAT 


33.1 : 61.6 23.9 : : ; ; 20.9 } 90.1 
21.4 


Interpolation is permissible, extrapolation is not. All performance data is based on the lower voltage of dual voltage units. 

Performance stated is at the rated power supply, performance may vary as the power supply varies from the rated. 

Table is with entering air of 80°F DB and 67°F WB in cooling, and 70°F DB in heating. 

AHRI/ISO certified conditions are 80.6°F DB and 66.2°F WB in cooling and 68°F DB in heating. 

Table does not reflect fan or pump power corrections for AHRI/ISO conditions. 

See performance correction tables for operating conditions other than those listed above. See performance data selection notes for operation in the shaded areas. 
Operation below 40°F EWT is based on a 15% methanol antifreeze solution. 

Operation below 60°F EWT requires optional extended range insulated water and refrigerant circuits to avoid condensation within the unit cabinet. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 6GOHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data — TE H/V/D 064 (Part Load), With vFlow® 


1650 CFM Nominal (Rated) Airflow Heating, 1500 CFM Nominal (Rated) Airflow Cooling Performance capacities shown in thousands of Btuh 


COOLING - EAT 80/67 °F HEATING - 70°F 


HE LAT 
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Interpolation is permissible, extrapolation is not. All performance data is based on the lower voltage of dual voltage units. 

Performance stated is at the rated power supply, performance may vary as the power supply varies from the rated. 

Table is with entering air of 80°F DB and 67°F WB in cooling, and 70°F DB in heating. 

AHRI/ISO certified conditions are 80.6°F DB and 66.2°F WB in cooling and 68°F DB in heating. 

Table does not reflect fan or pump power corrections for AHRI/ISO conditions. 

See performance correction tables for operating conditions other than those listed above. See performance data selection notes for operation in the shaded areas. 
Operation below 40°F EWT is based on a 15% methanol antifreeze solution. 

Operation below 60°F EWT requires optional extended range insulated water and refrigerant circuits to avoid condensation within the unit cabinet. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 6GOHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data — TE H/V/D 064 (Full Load), With vFlow® 


2050 CFM Nominal (Rated) Airflow Heating, 1850 CFM Nominal (Rated) Airflow Cooling Performance capacities shown in thousands of Btuh 


COOLING - EAT 80/67 °F HEATING - 70°F 


HE LAT 
29.8 : 92.0 


Interpolation is permissible, extrapolation is not. All performance data is based on the lower voltage of dual voltage units. 

Performance stated is at the rated power supply, performance may vary as the power supply varies from the rated. 

Table is with entering air of 80°F DB and 67°F WB in cooling, and 70°F DB in heating. 

AHRI/ISO certified conditions are 80.6°F DB and 66.2°F WB in cooling and 68°F DB in heating. 

Table does not reflect fan or pump power corrections for AHRI/ISO conditions. 

See performance correction tables for operating conditions other than those listed above. See performance data selection notes for operation in the shaded areas. 
Operation below 40°F EWT is based on a 15% methanol antifreeze solution. 

Operation below 60°F EWT requires optional extended range insulated water and refrigerant circuits to avoid condensation within the unit cabinet. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 6GOHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data — TE H/V/D 072 (Part Load), With vFlow® 


1650 CFM Nominal (Rated) Airflow Heating, 1550 CFM Nominal (Rated) Airflow Cooling Performance capacities shown in thousands of Btuh 


COOLING - EAT 80/67 °F HEATING - 70°F 


HE LAT 


20.9 : 91.0 
88.7 


Interpolation is permissible, extrapolation is not. All performance data is based on the lower voltage of dual voltage units. 

Performance stated is at the rated power supply, performance may vary as the power supply varies from the rated. 

Table is with entering air of 80°F DB and 67°F WB in cooling, and 70°F DB in heating. 

AHRI/ISO certified conditions are 80.6°F DB and 66.2°F WB in cooling and 68°F DB in heating. 

Table does not reflect fan or pump power corrections for AHRI/ISO conditions. 

See performance correction tables for operating conditions other than those listed above. See performance data selection notes for operation in the shaded areas. 
Operation below 40°F EWT is based on a 15% methanol antifreeze solution. 

Operation below 60°F EWT requires optional extended range insulated water and refrigerant circuits to avoid condensation within the unit cabinet. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 6GOHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Performance Data — TE H/V/D 072 (Full Load), With vFlow® 


2050 CFM Nominal (Rated) Airflow Heating, 1850 CFM Nominal (Rated) Airflow Cooling Performance capacities shown in thousands of Btuh 


COOLING - EAT 80/67 °F HEATING - 70°F 


sc HR | EER HE LAT 


49.1 : 91.3 22.8 : ! ; i 31.1 : 94.0 
31.9 


Interpolation is permissible, extrapolation is not. All performance data is based on the lower voltage of dual voltage units. 

Performance stated is at the rated power supply, performance may vary as the power supply varies from the rated. 

Table is with entering air of 80°F DB and 67°F WB in cooling, and 70°F DB in heating. 

AHRI/ISO certified conditions are 80.6°F DB and 66.2°F WB in cooling and 68°F DB in heating. 

Table does not reflect fan or pump power corrections for AHRI/ISO conditions. 

See performance correction tables for operating conditions other than those listed above. See performance data selection notes for operation in the shaded areas. 
Operation below 40°F EWT is based on a 15% methanol antifreeze solution. 

Operation below 60°F EWT requires optional extended range insulated water and refrigerant circuits to avoid condensation within the unit cabinet. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 60HZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Part Load Performance Data — Correction Tables 


Air Flow Correction Table 


Airflow Cooling Heating 


% of Total Sensible Power Heat of Heating Power Heat of 
Rated Capacity | Capacity Rejection | Capacity Extraction 


60% 0.920 0.781 0.959 0.927 0.946 1.241 0.881 
69% 0.942 0.832 0.964 0.946 0.960 1.163 0.915 
75% 0.956 0.867 0.696 0.959 0.969 1.115 0.937 
81% 0.969 0.901 0.975 0.970 0.978 1.076 0.956 
88% 0.981 0.934 0.982 0.981 0.986 1.043 0.973 
94% 0.991 0.967 0.990 0.991 0.993 1.018 0.988 
100% 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
106% 1.007 1.033 1.011 1.008 1.006 0.990 1.010 
113% 1.013 1.065 1.023 1.015 1.012 0.986 1.017 
119% 1.018 1.098 1.036 1.021 1.017 0.983 1.024 
125% 1.021 1.131 1.051 1.026 1.021 0.981 1.030 
130% 1.023 1.159 1.063 1.030 1.024 0.979 1.034 


Entering Air Correction Table 


Heating 


Entering | Heating Panes Heat of 
Air DB°F | Capacity Extraction 


40 1.084 0.732 1.161 
45 1.073 0.764 1.140 


50 1.060 0.802 1.117 
55 1.046 0.846 1.090 


60 1.031 0.893 1.061 


65 1.016 0.945 1.031 
68 1.006 0.978 1.013 


70 1.000 1.000 1.000 


75 0.984 1.058 0.968 * = Sensible capacity equals total capacity 
AHRI/ISO/ASHRAE 13256-1 uses entering air conditions of Cooling - 80.6°F DB/66.2°F WB, 1 
80 0.968 1.117 0.936 and Heating - 68°F DB/59°F WB entering air temperature 


Cooling 


: Sensible Cooling Capacity Multiplier - 
Entering Total Entering DB °F Heat of 


Air WB°F | Capacity Rejection 
70 80 80.6 
45 0.876 ’ ? 0.895 


50 0.883 0.901 


55 0.903 0.918 
60 0.935 0.945 
65 0.979 0.982 
0.991 0.993 
67 1.000 1.000 
70 1.035 1.030 
75 1.105 1.088 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 60HZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Full Load Performance Data — Correction Tables 


Air Flow Correction Table 


Airflow Cooling Heating 


% of Total Sensible Power Heat of Heating Power Heat of 
Rated Capacity | Capacity Rejection | Capacity Extraction 


60% 0.925 0.788 0.913 0.922 0.946 1.153 0.896 


69% 0.946 0.829 0.926 0.942 0.959 1.107 0.924 
75% 0.960 0.861 0.937 0.955 0.969 1.078 0.942 


81% 0.972 0.895 0.950 0.968 0.977 1.053 0.959 


88% 0.983 0.930 0.965 0.979 0.985 1.032 0.974 
94% 0.992 0.965 0.982 0.990 0.993 1.014 0.988 


100% 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
106% 1.007 1.033 1.020 1.009 1.006 0.989 1.011 


113% 1.012 1.064 1.042 1.018 1.012 0.982 1.019 


119% 1.016 1.092 1.066 1.025 1.018 0.979 1.027 
125% 1.018 1.116 1.091 1.032 1.022 0.977 1.033 


130% 1.019 1.132 1.112 1.037 1.026 0.975 1.038 


Entering Air Correction Table 


Heating 


Entering | Heating Power Heat of 
Air DB°F | Capacity Extraction 


40 1.052 0.779 1.120 
45 1.043 0.808 1.102 


50 1.035 0.841 1.084 
55 1.027 0.877 1.065 
60 1.019 0.915 1.045 
65 1.010 0.957 1.023 
68 1.004 0.982 1.010 


70 1.000 1.000 1.000 


75 0.989 1.045 0.974 * = Sensible capacity equals total capacity 
AHRI/ISO/ASHRAE 13256-1 uses entering air conditions of Cooling - 80.6°F DB/66.2°F WB, 1 
and Heating - 68°F DB/59°F WB entering air temperature 


80 0.976 1.093 0.946 


Cooling 


; Sensible Cooling Capacity Multiplier - 
Entering Total Entering DB °F Heat of 


Air WB°F | Capacity aa Fac Rejection 


45 0.832 * . 0.853 


50 0.850 * 0.870 
55 0.880 0.896 


60 0.922 0.932 
65 0.975 0.979 


0.990 0.991 


67 1.000 1.000 
70 1.040 1.035 


75 1.117 1.101 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 60HZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Antifreeze & Water Pressure Drop Adder for Options — Correction Tables 


Antifreeze Correction Table 
Cooling Heating WPD 


Antifreeze 


Antifreeze Type EWT 90°F EWT 30°F Corr. Fet. 
EWT 30°F 


% 


Total Cap | Sens Cap Htg Cap Power 
Water 1.000 1.000 1.000 1.000 1.000 
0.995 0.995 0.989 0.997 1.070 
Propylene Glycol 0.986 0.986 0.968 0.990 1.210 
0.978 0.978 0.947 0.983 1.360 
0.997 0.997 0.989 0.997 1.070 
Methanol 0.990 0.990 0.968 0.990 1.160 
0.982 0.982 0.949 0.984 1.220 
0.998 0.998 0.981 0.994 1.140 
Ethanol 0.994 0.994 0.944 0.983 1.300 
0.986 0.986 0.917 0.974 1.360 
0.998 0.998 0.993 0.998 1.040 
Ethylene Glycol 0.994 0.994 0.980 0.994 1.120 
0.988 0.988 0.966 0.990 1.200 


PSI FT 
0.41 
0.92 
1.63 
0.37 
0.84 
1.48 
0.36 
0.81 
1.44 
0.16 
0.35 
0.62 
0.20 
0.45 
0.80 


WPD Adders 


PSI FT 
0.41 
0.92 
1.63 
0.92 
2.09 
3.67 
1.63 
3.67 
6.52 
1.03 
2.33 
4.11 
1.32 
2.99 
5.28 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 60HZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Variable Pump Performance 


Magna Geo 25-140 High Head Variable Pump Performance 
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UPM Geo 25-85 Standard Head Variable Pump Performance 


30 


Head (ft) 
28.7 
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ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 6GOHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


ECM Blower Control 


The ECM fan is controlled directly by the DXM2 control 
board that converts thermostat inputs and CFM settings 
to signals used by the ECM motor controller. To take full 
advantage of the ECM motor features, a communicating 
multi-stage thermostat should be used (ATC32U**). 


The DXM2 control maintains a selectable operating airflow 
[CFM] for each heat pump operating mode. For each 
operating mode there are maximum and minimum airflow 
limits. See the ECM Blower Performance tables for the 
maximum, minimum, and default operating airflows. 


Airflow levels are selected using the configuration menus 
of a communicating thermostat (ATC32U**) or diagnostic 
tool (ACDU**). The configuration menus allow the installer 
to independently select and adjust the operating airflow for 


each of the operating modes. Air flow can be selected in 25 


CFM increments within the minimum and maximum limits 

shown in the ECM Blower Performance Table. The blower 

operating modes include: 

e First Stage Cooling (Y1 & O) 

e Second Stage Cooling (Y1, Y2, & O) 

e First Stage Cooling in Dehumidification Mode 
(Y1, O, & Dehumid) 

e Second Stage Cooling in Dehumidification Mode 

(Y1, Y2, O, & Dehumid) 

First Stage Heating (Y1) 

Second Stage Heating (Y1 & Y2) 

Third Stage (Auxiliary) Heating (Y1, Y2, & W) 

Emergency Heating (W with no Y1 or Y2) 

Fan (G with no Y1, Y2, or W) 


It is highly recommended that ATC32U** or ACDU** 

be used to set dehumidification mode electronically. 
Dehumidification can NOT be selected when using a non- 
communicating thermostat with a vFlow® unit with Internal 
Flow Controller (pump). For dehumidification settings on 


other units using the non-communicating stat, refer to DXM2 


AOM (part #97B0003N 15). 


The ECM motor includes “soft start” and “ramp down” 
features. The soft start feature is a gentle increase of motor 
rom at blower start up. This creates a much quieter blower 
start cycle. 


The ramp down feature allows the blower to slowly decrease 


rpm to a full stop at the end of each blower cycle. This 
creates a much quieter end to each blower cycle and adds 
overall unit efficiency. 


The ramp down feature is eliminated during an ESD 
(Emergency Shut Down) situation. When the DXM2 ESD 
input is activated, the blower and all other control outputs 
are immediately de-activated. 


The ramp down feature (also known as the heating or 
cooling “Off Delay”) is field selectable by the installer. The 
allowable range is 0 to 255 seconds. 


Airflow Configuration Screen on Communicating 
Thermostat 


COOL DEHUMID 2 
CONTINUOUS FAN 
HEAT OFF DELAY 

COOL OFF DELAY 


4 PREVIOUS 
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TE SERIES 6GOHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Blower Performance Data 


Standard Unit 


Airflow in CFM with wet coil and clean air filter 

Fan Motor B Cooling Mode | Dehumid Mode | Heating Mode | Fan Only | Aux Emerg 
ange 

(hp) 2 Stg2 | Stg1 | Stg2 | Stg1 | Stg2 | Stg1 | Mode Mode 


Default 700 525 550 425 750 600 350 850 


Maximum | 1000 800 800 600 1000 850 1000 1000 


Minimum 600 450 550 400 600 450 300 700 


Default 1050 800 850 650 1100 850 550 1350 


Maximum | 1500 | 1100 1200 900 1500 1100 1500 1500 


Minimum 900 600 825 550 900 600 450 1350 


Default 1400 | 1050 1100 850 1500 1150 700 1500 


Maximum | 2000 | 1500 1600 1200 | 2000 1500 2000 2000 


Minimum | 1200 900 1100 825 1200 900 600 1350 


Default 1750 | 1300 1400 1050 1875 1450 875 1875 


Maximum | 2300 | 1900 | 2000 1500 | 2300 1900 2300 2300 


Minimum | 1500 | 1100 1375 1000 1500 1100 750 1500 


Default 1900 | 1450 1650 1250 | 2000 1650 950 2000 


Maximum | 2300 | 2200 | 2000 1800 | 2300 2200 2300 2300 


Minimum | 1800 | 1350 1650 1250 1800 1350 900 1800 


Airflow is controlled within +/- 5% up to Max ESP shown with wet coil and standard 1” fiberglass filter. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
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TE SERIES 60HZ - 


Physical Data 


Model 


026 


038 


049 


064 


HFGC-410A SUBMITTAL DATA ENG/I-P 


072 


Compressor (1 Each) 


Two-Stage Scroll 


Factory Charge (HFC-410A) (oz) [kg] 


44 [1.25] 


52 [1.47] 


69 [1.96] 


142 [4.03] 


140 [3.97] 


ECM Fan Motor & Blower 


Fan Motor (hp) [W] 


1/2 [373] 


1/2 [373] 


1 [746] 


1 [746] 


1 [746] 


Blower Wheel Size (dia x w) - (in) [mm] 


9x 7 [229 x 178] 


11 x 10 [279 x 254] 


11 x 10 [279 x 254] 


11 x 10 [279 x 254] 


11 x 10 [279 x 254] 


Water Connection Size 


FPT (in) 


HWG Connection Size 


FPT (in) 


Coax Volume 


Volume (US Gallons) [liters] 


0.76 [2.88] 


0.92 [3.48] 


1.24 [4.69] 


1.56 [5.91] 


1.56 [5.91] 


Vertical Upflow/Downflow 


Air Coil Dimensions (h x w) - (in) [mm] 


28 x 20 [711 x 508] 


28 x 25 [711 x 635] 


32 x 25 [813 x 635] 


36 x 25 [914 x 635] 


36 x 25 [914 x 635] 


Standard Filter - 1” [25.4mm] 
Throwaway, qty (in) [mm] 


28 x 24 [711 x 610] 


28 x 29.5 [712 x 749] 


32 x 29.5 [813 x 749] 


36 x 29.5 [914 x 749] 


36 x 29.5 [914 x 749] 


Weight - Operating, (Ibs) [kg] 


Weight - Packaged, (Ibs) [kg] 


298 [135] 
308 [140] 


359 [163] 
369 [167] 


448 [203] 
458 [208] 


475 [215] 
485 [220] 


475 [215] 
485 [220] 


Horizontal 


Air Coil Dimensions (h x w) - (in) [mm] 


18 x 31 [457 x 787] 


20 x 35 [508 x 889] 


20 x 40 [508 x 1016] 


20 x 45 [508 x 1143] 


20 x 45 [508 x 1143] 


Standard Filter - 1” [25.4mm] 
Throwaway, qty (in) [mm] 


2 - 18 x 18 [457 x 457] 


1 - 12 x 20 [305 x 508] 
1 - 20 x 25 [508 x 635] 


1 - 18 x 20 [457 x 508] 
1 - 20 x 24 [508 x 610] 


2 - 20 x 24 [508 x 610] 


2 - 20 x 24 [508 x 610] 


Weight - Operating, (Ibs) [kg] 


298 [135] 


359 [163] 


448 [203] 


475 [215] 


475 [215] 


Weight - Packaged, (Ibs) [kg] 


Notes: 


308 [140] 


369 [167] 


458 [208] 


485 [220] 


485 [220] 


All units have TXV expansion device and 1/2” & 3/4” electrical knockouts. 


Unit Maximum Water Working Pressure 


Options 


Max Pressure PSIG [kPa] 


Base Unit 


500 [3447] 


Unit with Internal Modulation Water Valve Option 


300 [2,068] 


Unit with Internal Water Pump Option 


145 [999] 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
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TE SERIES 6GOHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


TE - Horizontal Dimensional Data 


Overall Cabinet 


Horizontal = 
Model “A B c 
Width Length | Height 
22.4 62.2 19.3 
56.8 158.0 48.9 


25.4 71.2 21.3 
64.5 180.8 54.0 


25.4 76.2 21.3 
64.5 193.5 54.0 


25.4 81.2 21.3 
64.5 206.2 54.0 


*Does not include air filter supports. Add 2” (5.1cm) when a 1” (25.4mm) filter is used, add 3” 
(7.6cm) when a 2” (50.8mm) filter is used. 


Water Connections 


Horizontal 4 
Model HWG 
Out 
G 


16.9 
42.9 


18.9 
47.9 


18.9 
47.9 


18.9 
47.9 


Electrical Knockouts 


J K L 
1/2” 1/2” 3/4” 


Low External Power 
Voltage Pump Supply 


3.6 6.1 8.6 
9.2 15.6 21.9 


3.6 6.1 8.6 
9.2 15.6 21.9 


3.6 6.1 8.6 
9.2 15.6 21.9 


3.6 6.1 8.6 
9.2 15.6 21:9 


Horizontal 
Model 


Notes: 

1. While clear access to all removable panels is not required, 
installer should take care to comply with all building codes 
and allow adequate clearance for future field service. 

. Horizontal units shipped with filter bracket only. This bracket 
should be removed for return duct connection 

. Discharge flange and hanger brackets are factory installed. 

. Condensate is 3/4” FPT. 

. CCP and BSP requires 2’ service access. 

. Blower service access is through back panel on straight 
discharge units or through panel opposite air coil on back 
discharge units. 


Legend: 

CCP = Control/Compressor Access Panel 
BSP = Blower Service Panel 

ASP = (Optional) Additional Service Panel 


N 


Om Ww 
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TE SERIES 60HZ 


TE - Horizontal Dimensional Data 


Discharge Connection 
Duct Flange Installed 


Return Connection 
Using Return Air Opening 


HFGC-410A SUBMITTAL DATA ENG/I-P 


Return Connection 
Using Optional Air Filter Frame 


Horizontal 


Model s T 


Return Return 
Width Height 


Oo 


Supply 
Height 


Pp 


Supply 
Width 


Ss T 
Return | Return 
Width | Height 


U U 


32.1 17.3 
81.5 43.9 


15.5 
39.4 


12.5 
31.8 


33.8 16.2 
85.8 41.0 


2.3 
5.8 


2.3 
5.8 


36.1 19.3 
91.7 49.0 


19.0 
48.3 


17.5 
44.5 


34.8 18.2 
88.3 46.1 


3.1 
7.8 


2.3 
5.7 


41.1 19.3 
104.4 49.0 


19.0 
48.3 


17.5 
44.5 


3.1 
7.8 


39.8 18.2 
101.0 46.1 


2.3 
5.7 


46.1 
117.1 


19.3 
49.0 


19.0 
48.3 


17.5 
44.5 


All dimensions are +/- 0.20 in, (+/-5.1 mm). 


LEFT RETURN 


ccP ASP* 


18.2 
46.1 


3.1 
7.8 


44.8 
113.7 


2.3 


*ASP are removable panels that provide additional access to the 
units interior. Clear access to ASP panels is not required and they 
are not to be used in place of the mandatory CCP and BSP panels. 


5.7 


RIGHT RETURN 


CCP 


Front 
Power Supply 
Left Return 3/4” [19.1mm] Knockout 
a_ 1/2” (12.7mm] 1.6 [40.6mm] 1.6 [40.6mm] 
Knockout [J uy 
[ieee 
[82.6mm] 6 3.25 
Low Voltage \° 8 fe (82.6mm 
1/2" (12.7mm] | © 
Knockout —~ 7 G 
K ®@ 
J || cop E 
@ OTB 4 Straight 
— ‘ Discharge 
‘A Sl 
Condensate 
; ” Vi Back 
Note: Choose either 4 Front-View wondensale Discharge Note: Choose either 
back or straight discharge ‘ . back or straight discharge 
Unit Hanger Detail 
x t—pP— R 
in. cm. 3 
BSP =| [026 62.1 | 1577 | 245 | 622 | 20.25| 515 tin Blower BSP 
038 71.1 | 180.6 | 27.5 69.9 | 23.25 | 59.1 = |_/ 
NS Blower Cc Y E o49 | 76.1 | 193.3] 275 | 69.9 | 23.25 | 59.1 ‘ o 38 Outet o 
Outlet 064] 81.1 | 206.0] 275 | 699 | 23.25| 59.1 a 
072 81.1 | 206.0 | 27.5 69.9 | 23.25 | 59.1 < —Q— 
—— x A 
Left Return Back Discharge Right Return Back Discharge 
P: M—- | 
N ° 
Blower BSP 2 : 
CCR ASP* Outlet || O BSR Blower ASP* ° | CCP 
— Outlet oO 
N _SSSq5 
Front Front 
Left Return Straight Discharge PM Right Return Straight Discharge 
1:1 (27: 
enn Air Coil 
Vv. JU S Air Coil Ss ul ¥ 
° 
° 
ASP* 7 G ASP* 
t Front Front 
B: B 


Left Return Left View 
- Air Coil Opening 


Filter Rails Removed 


Right Return Right View 
- Air Coil Opening 


See Aff ---- for accessory air filter frame with duct collar 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
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TE SERIES 6GOHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


TE - Horizontal Service Access 


Left Return Back Discharge 


Supply 
Air Flow 


Return 
Air Flow 


ASP 


CCP 
Left Return Straight Discharge 


Return 
Air Flow 


Supply 
Air Flow 


CCP 


Notes: 

1. While clear access to all removable panels is not required, 
installer should take care to comply with all building codes 
and allow adequate clearance for future field service. 

2. CCP and BSP requires 2’ service access. 

3. Blower service access is through back panel on straight 
discharge units or through panel opposite air coil on back 
discharge units. 

4. ASP are removable panels that provide additional access to 
the units interior. Clear access to ASP panels is not required 
and they are not to be used in place of the mandatory CCP 
and BSP panels. 


Right Return Back Discharge 


Supply 
Air Flow 


Return 
Air Flow 


CCP 
Right Return Straight Discharge 


BSP 


Return 
Air Flow 


Supply 
Air Flow 


CCP 


[| = mandatory 2’ service access 
WZ = (optional) additional 2’ service access 


Legend: 

CCP = Control/Compressor Access Panel 
BSP = Blower Service Panel 

ASP = (Optional) Additional Service Panel 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
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TE SERIES 60HZ - HFG-410A SUBMITTAL DATA ENG/I-P 


TE - Vertical Upflow Dimensional Data 


Vertical Overall Cabinet Water Connections 
Upflow *A B c Vertical 4 
Model 7 ; 
ode Width Depth | Height Cee HWG 
026 22.4 25.6 48.5 Out 
56.8 65.1 123.2 G 
038 25.4 30.6 50.5 16.9 
64.5 77.8 128.3 42.9 
049 25.4 30.6 54.5 18.9 
64.5 77.8 138.4 47.9 
064 & i 25.4 30.6 58.5 18.9 
072 64.5 77.8 148.6 47.9 
*Does not include air filter supports. Add 2” (5.1cm) when a i : 18.9 
1” (25.4mm) filter is used, add 3” (7.6cm) when a 2” (50.8mm) 5 47.9 


filter is used. 


Electrical Knockouts Notes: . . 
, 1. While clear access to all removable panels is not required, 
ace ot ae ae installer should take care to comply with all building codes 
ane and allow adequate clearance for future field service. 
Low External | Power 2. Front & Side access is preferred for service access. However, 
Voltage | Pump | Supply all components may be serviced from the front access panel 
3.6 6.1 8.6 if side access is not available. 
9.2 15.6 21.9 3. Discharge flange is field installed. 
ae 64 86 4. Condensate is 3/4" FPT PVC and is switchable from front to side. 
9.2 15.6 21.9 
Legend: 
— fe ce CCP = Control/Compressor Access Panel 
BSP = Blower Service Panel 
3.6 6.1 8.6 ASP = (optional) Additional Service Panel 


9.2 15.6 21.9 


Recommended Minimum Installation Clearances for Vertical Units* 


Back of unit 


Side opposite return air 


Front if hard piped 


Return Air Side 


apis 100 11) eee 


Ducted return 
- ¢ Add for duct width 


- t Add 2” for 1” filter frame/rail or 3” for 2” filter frame/rail 


Free (open) return - calculate required dimension for a maximum 
velocity of 600 fpm 


*Field installed accessories (hoses, air cleaners, etc.) may require additional space. 
Top supply air is shown, the same clearances apply to bottom supply air units. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
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TE SERIES 60HZ 


TE - Vertical Upflow Dimensional Data 


Vertical 
Upflow 
Model 


Discharge Connection 
Duct Flange Installed 


Return Connection 
Using Return Air Opening 


HFGO-410A SUBMITTAL DATA ENG/I-P 


Return Connection 
Using Optional Air Filter Frame 


oO 
N Supply 
Width 


Pp 


Supply 
Depth 


Ss 
R Return 
Depth 


T 
Return 
Height 


Ss T 
Return Return 
Depth Height 


14.0 
35.6 


14.0 
35.6 


2.3 
5.8 


244 
53.6 


27.7 
70.4 


22.2 26.2 
56.4 66.5 


18.0 
45.7 


18.0 
45.7 


2.3 
5.8 


26.1 
66.3 


27.7 
70.4 


27.2 26.2 
69.1 66.5 


18.0 
45.7 


18.0 
45.7 


2.3 
5.8 


26.1 
66.3 


31.7 
80.5 


27.2 30.2 
69.1 76.7 


18.0 
45.7 


All dimensions are +/- 0.20 in, (+/-5.1 mm). 


ee - eve 
| | 


fo o— 


quol4 


Top View-Right Return 


Ss R 
U5 ——— 
Air Coil 
- 
Cc 
ASP 
Front Back 


Right Return Right View 
- Air Coil Opening 


\ 


18.0 
45.7 


2.3 
5.8 


26.1 
66.3 


35.7 
90.7 


27.2 34.2 
69.1 86.9 


Field Installed 
Discharge Flange 


Filter Rails 
Air Coil 
~| 
B 
I-N P 
i— BSP 
ASP 
el O r 
2 ‘ Pe 
LL rm 
/ | © 
ASP ° © 
. ee M ° ccP 
RRA ir Coil Side 6 8 
Top View-Left Return icy 
R- Ss Isometric (Left Return) 
View 
1.00 [25.4 mm] 
U ai] | ——— mm 
Air Coil 
T BSP 
1.68 [42.7 mm] 
Cc 
Pi Suppl 
3 a 8. tm) S 
nockout 
1/2" [12.7mm] vee ccP Qo 
Knockout : @|O 
1.48 [30.0 mm] -+] ret Voltage 
1/2" (12.7mm —s a 
ee LV ee | @ o F G 
csP ey LH E 
Back Front ta 
pf} | @lors | 
Left Return Left View Front-View 


Filter Rails Removed 


- Air Coil Opening 


ye 


See Aff ---- for accessory air filter frame with duct collar 
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TE SERIES 6GOHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


TE - Vertical Service Access 


Vertical Units 


Left Return 


Supply Air 
Opening 


Right Return 


CCP and BSP 


Supply Air 
Opening 


Notes: 


1 


While clear access to all removable panels is not required, 
installer should take care to comply with all building codes 
and allow adequate clearance for future field service. 


. Front & Side access is preferred for service access. However, 


all components may be serviced from the front access panel 
if side access is not available. 


. ASP are removable panels that provide additional access to 


the units interior. Clear access to ASP panels is not required 
and they are not to be used in place of the mandatory CCP 
and BSP panels. 


. Top supply air is shown, the same clearances apply to 


bottom supply air units. 


CCP and BSP 


[ = mandatory 2’ service access 


LG = (optional) additional 2’ service access 


Legend: 

CCP = Control/Compressor Access Panel 
BSP = Blower Service Panel 

ASP = (optional) Additional Service Panel 
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TE SERIES 60HZ - HFG-410A SUBMITTAL DATA ENG/I-P 


TE - Vertical Downflow Dimensional Data 


Vertical Overall Cabinet Electrical Knockouts 
Downflow *~A B c Vertical J K L 
Model Width | Depth | Height Downflow 1/2” 1/2” 3/4” 
026 22.4 25.6 52.5 Mode) Low External | Power 
56.8 65.1 133.4 Voltage Pump Supply 
038 25.4 30.6 54.5 3.6 6.1 8.6 
64.5 77.8 138.4 9.2 15.6 21.9 
049 25.4 30.6 58.5 3.6 6.1 8.6 
64.5 77.8 148.6 9.2 15.6 21.9 
064 & i 25.4 30.6 62.5 3.6 6.1 8.6 
072 64.5 77.8 158.8 9.2 15.6 21.9 
*Does not include air filter supports. Add 2” (5.1cm) when a 1” (25.4mm) filter is used, add 3” i 3.6 6.1 8.6 
(7.6cm) when a 2” (50.8mm) filter is used. 9.2 15.6 21.9 


Water Connections 


Vertical 4 
parang HWG 
we Out 


G 


2.4 
6.1 


2.4 
6.1 


2.4 
6.1 


2.4 
6.1 


Recommended Minimum Installation Clearances for Vertical Units* 


Back of unit 


Side opposite return air 


Front if hard piped 


Return Air Side 


Ducted return 
- ¢ Add for duct width 


- t Add 2” for 1” filter frame/rail or 3” for 2” filter frame/rail 


SPIS I109 Ay 


Free (open) return - calculate required dimension for a maximum 
velocity of 600 fpm 


*Field installed accessories (hoses, air cleaners, etc.) may require additional 
space. 
Top supply air is shown, the same clearances apply to bottom supply air units. 


Notes: 

1. While clear access to all removable panels is not required, 
installer should take care to comply with all building codes 
and allow adequate clearance for future field service. 

2. Front & Side access is preferred for service access. However, 


all components may be serviced from the front access panel Legend: 

of a standard unit if side access is not available. CCP = Control/Compressor Access Panel 
3. Condensate is 3/4” FPT PVC and is switchable from front to side. BSP = Blower Service Panel 
4. Top supply air is shown, the same clearances apply to ASP = (optional) Additional Service Panel 


bottom supply air units. 
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TE SERIES 60HZ - HFG-410A SUBMITTAL DATA ENG/I-P 


TE - Vertical Downflow Dimensional Data 


Discharge Connection Return Connection Return Connection 
Vertical Duct Flange Installed Using Return Air Opening Using Optional Air Filter Frame 


Downflow oO Pp iS T Ss Ti 
Model N Supply | Supply Return | Return Return | Return 
Width Depth Depth Height Depth | Height 


10.1 9.1 : 21.1 27.7 : 22.2 26.2 
25.7 23.0 : 53.6 70.4 : 56.4 66.5 


13.4 12.9 : 26.1 27.7 : 27.2 26.2 
34.0 32.7 : 66.3 70.4 : 69.1 66.5 


13.4 12.9 : 26.1 31.7 1. 26:2 30.2 
34.0 32.7 : 66.3 80.5 4.3 69.1 76.7 


13.4 12.9 : 26.1 35.7 oe 212 34.2 
34.0 32.7 : 66.3 90.7 : 69.1 86.9 


All dimensions are +/- 0.20 in, (+/-5.1 mm). 


Legend: Filter Rail 
CCP = Control/Compressor Access Panel 
BSP = Blower Service Panel 
ASP = Additional Service Panel (not required) le 
Z : SS asp* 
P- 0 
Blower 
O Opening O Blower 
Opening 
Front “ A Front 
Q Mo if 
BRBSBFAir Coil Side BERS Air Coil SideBBS3 Zz 
KI er 
B B sex) [ee 
Right Return Discharge Left Return Discharge Isometric View 
Floor Foot Print Floor Foot Print (Right Return) 
Power Supply 
we 1.6 [40.6mm] 1.6 [40.6mm] 
1.4 [27.9mm] 4 necsout Z u 
1/2” [12.7mm] -— 
“Knockout 
fe) Low Voltage ° HL K J Qo fl E 
2 ~ 4 72"(12.7mm] Se QO] Oo 
ASP* ASP* LV Knockout ‘° 
' 7 ccp ®| D 
Q| 6 
Ree tals O oO 
Air Coil Air Coil ° BSP ° 
Condensate Condensate 
3/4” FPT Right Return 3/4” FPT Left Return 
—-o 
Back Front H Pe 
S RI R S Front-View 
F : 7 A Notes: 
Right Return Right View Left Return Left View : , . 
- Air Coil Opening - Air Coil Opening 1. While clear access to all removable panels is not required, 


installer should take care to comply with all building codes and 
allow adequate clearance for future field service. 

. Front & Side access is preferred for service access. However, 
all components may be serviced from the front access panel 


Filter Rails Removed if side access is not available. 


: . Condensate is 3/4” FPT PVC. 
See Aff ---- for accessory air filter frame . ASP are removable panels that provide additional access to the 


with duct collar units interior. Clear access to ASP panels is not required and they 
are not to be used in place of the mandatory CCP and BSP panels. 


i) 


kw 
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TE SERIES 6GOHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Corner Weights 


Corner Weights for TE Series Horizontal Units 


Left-Front* Right-Front* Left-Back*+ Right-Back*+ 
88 75 78 57 
40 34 35 26 

82 92 70 

52 37 42 32 

86 


71 45 48 39 
78 85 
89 35 39 53 
78 85 
89 35 39 53 


*Front is control box end. 
+ Weights shown are for units with left hand return air. Reverse these for a right hand return air unit. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 6GOHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Electrical Data 


Standard Units 


Compressor 


Min/Max 
Voltage LRA Qty 


208/230/60/1 197/252 58.3 
265/60/1 239/292 j 54.0 
208/230/60/3 197/252 : 55.4 
*460/60/3 414/506 : 28.0 
208/230/60/1 197/252 83.0 
265/60/1 239/292 72.0 
208/230/60/3 197/252 73.0 
*460/60/3 414/506 : 38.0 
208/230/60/1 197/252 104.0 
265/60/1 239/292 109.7 
208/230/60/3 197/252 83.1 
*460/60/3 414/506 : 41.0 
208/230/60/1 197/252 152.9 
265/60/1 239/292 130.0 
208/230/60/3 197/252 110.0 
*460/60/3 414/506 ; 52.0 
208/230/60/1 197/252 179.2 
208/230/60/3 197/252 136.0 
*460/60/3 414/506 : 66.1 


Voltage 
Code 


Voltage 


a/ZLIOlFA/LIM/O|FA Tim) O|F]/ZlimM|oO|F]/ Zl mo 


Wire length based on one way measurement with 2% voltage drop 
Wire size based on 60°C copper conductor 
All fuses Class RK-5 


* NEUTRAL CONNECTION REQUIRED! All F Voltage (460 vac) units with ECM motors require a four wire power supply with neutral. 
ECM motor is rated 265 vac and is wired between one hot leg and neutral. 


Units with Secondary Pump 


Compressor Internal 
Voltage RLA LRA oe 
208/230/60/1 | 197/252 11.7 58.3 0.8 
265/60/1 239/292 9.1 54.0 0.7 
208/230/60/3 | 197/252 6.5 55.4 0.8 
*460/60/3 414/506 3.5 28.0 0.7 
208/230/60/1 | 197/252 83.0 0.8 
265/60/1 239/292 72.0 0.7 
208/230/60/3 | 197/252 73.0 0.8 
*460/60/3 414/506 : 38.0 0.7 
208/230/60/1 | 197/252 104.0 0.8 
265/60/1 239/292 109.7 0.7 
208/230/60/3 | 197/252 83.1 0.8 
*460/60/3 414/506 : 41.0 0.7 
208/230/60/1 | 197/252 152.9 1.1 
265/60/1 239/292 130.0 1.1 
208/230/60/3 | 197/252 110.0 1.1 
*460/60/3 414/506 : 52.0 1.1 
208/230/60/1 | 197/252 179.2 1.1 
208/230/60/3 | 197/252 136.0 1.1 
*460/60/3 414/506 66.1 1.1 


Voltage Min/Max 
Code Voltage 


al Z/O|4/Z)mM)O}4/x) mM o]4/Llm\o|4/z}m/a 


Wire length based on one way measurement with 2% voltage drop 
Wire size based on 60°C copper conductor 
All fuses Class RK-5 


* NEUTRAL CONNECTION REQUIRED! All F Voltage (460 vac) units with ECM motors/internal secondary circulators require a four wire power supply with neutral. 
ECM motors/reheat pumpsiinternal secondary circulators are rated 265 vac and are wired between one hot leg and neutral. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 6GOHZ - HFG-410A SUBMITTAL DATA EnNG/I-P 


Electrical Data 


Units with Variable Pump High Head 


Voltage Min/Max 
Code Voltage 


Compressor Fan Total Min Max Fusel 


Pump FLA 


Voltage RLA LRA Qty Motor FLA | Unit FLA | Circ Amp HACR 


G 208/230/60/1 | 197/252 11.7 58.3 1.7 3.9 17.3 20.2 30 
E 265/60/1 239/292 9:1 54.0 1.5 3.2 13.8 16.0 25 
H 208/230/60/3 | 197/252 6.5 55.4 Tee 3.9 12.1 13.7 20 
*460/60/3 414/506 3.5 28.0 1.5 3.2 8.2 9.0 15 
208/230/60/1 | 197/252 83.0 1.7 3.9 20.9 24.7 40 
265/60/1 239/292 72.0 1.5 3.2 17.7 20.9 30 
208/230/60/3 | 197/252 73.0 1.7 3.9 17.2 20.1 30 
*460/60/3 414/506 : 38.0 1.5 3.2 10.4 11.8 15 
208/230/60/1 | 197/252 104.0 1.7 6.9 29.8 35.1 50 
265/60/1 239/292 109.7 1.5 6.0 23.5 27.5 40 
208/230/60/3 | 197/252 83.1 1.7 6.9 22.6 26.1 40 
*460/60/3 414/506 : 41.0 1.5 6.0 13.9 15.5 20 
208/230/60/1 | 197/252 152.9 1.7 6.9 35.7 42.5 60 
265/60/1 239/292 130.0 1.5 6.0 29.9 35.5 50 
208/230/60/3 | 197/252 110.0 1.7 6.9 25.1 29.2 45 
*460/60/3 414/506 : 52.0 1.5 6.0 14.7 16.5 20 
208/230/60/1 | 197/252 179.2 Tee 6.9 38.3 45.7 70 
208/230/60/3 | 197/252 136.0 1.7 6.9 26.2 30.6 45 
*460/60/3 414/506 : 66.1 1.5 6.0 16.0 18.1 25 


Wire length based on one way measurement with 2% voltage drop 
Wire size based on 60°C copper conductor 
All fuses Class RK-5 


* NEUTRAL CONNECTION REQUIRED! All F Voltage (460 vac) units with ECM motors/internal pumps require a four wire power supply with neutral. ECM motors/internal pumps 
are rated 265 vac and are wired between one hot leg and neutral. 


Units with Variable Pump Standard Head 


Voltage Min/Max Compressor 


Fan Total Min Max Fuse! 
Goda Pump FLA 


Voltage | pia | LRA Qty Motor FLA | Unit FLA | Circ Amp HACR 


Voltage 


G 208/230/60/1 | 197/252 | 11.7 | 58.3 0.7 3.9 16.3 19.2 30 
E 265/60/1 239/292 | 9.1 | 54.0 0.6 3.2 12.9 15.2 20 
H 208/230/60/3 | 197/252 | 65 | 55.4 0.7 3.9 11.1 12.7 15 
*460/60/3 | 414/506 | 3.5 | 28.0 0.6 3.2 7.3 8.2 15 
208/230/60/1 | 197/252 83.0 0.7 3.9 19.9 23.7 35 
265/60/1 239/292 72.0 0.6 3.2 16.8 20.1 30 
208/230/60/3 | 197/252 73.0 0.7 3.9 16.2 19.1 30 
*460/60/3 | 414/506 38.0 0.6 3.2 9.5 10.9 15 
208/230/60/1 | 197/252 104.0 0.7 6.9 28.8 34.1 50 
265/60/1 239/292 109.7 0.6 6.0 22.6 26.6 40 
208/230/60/3 | 197/252 83.1 0.7 6.9 21.6 25.1 35 
*460/60/3 | 414/506 41.0 0.6 6.0 13.0 14.6 20 
208/230/60/1 | 197/252 152.9 0.7 6.9 34.7 41.5 60 
265/60/1 239/292 130.0 0.6 6.0 29.0 34.6 50 
208/230/60/3 | 197/252 110.0 0.7 6.9 24.1 28.2 40 
*460/60/3 | 414/506 52.0 0.6 6.0 13.8 15.6 20 
208/230/60/1 | 197/252 179.2 0.7 6.9 37.3 44.7 70 
208/230/60/3 | 197/252 136.0 0.7 6.9 25.2 29.6 45 
*460/60/3 | 414/506 66.1 0.6 6.0 15.1 17.2 25 


Wire length based on one way measurement with 2% voltage drop 
Wire size based on 60°C copper conductor 
All fuses Class RK-5 


* NEUTRAL CONNECTION REQUIRED! All F Voltage (460 vac) units with ECM motors/internal pumps require a four wire power supply with neutral. ECM motors/internal pumps 
are rated 265 vac and are wired between one hot leg and neutral. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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TE SERIES 6GOHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


TE Series Wiring Diagram Matrix 


Only DXM2 diagrams, with a representative diagram of LON and MPC Options are presented in this submittal. 
Other diagrams can be located online at climatemaster.com using the part numbers presented below. 


Voltage Description Diagram Part Number 
W/ MOD VALVE 96B0242N01 
W/ LON / MOD VALVE 96B0242N02 
W/ MPC / MOD VALVE 96B0242N03 
208-230/60/1 W/ ISP / NO PUMP OR VALVE OPTION 96B0242N05 
265/60/1 W/ LON / ISP / NO PUMP OR VALVE OPTION 96B0242N06 
W/ MPC / ISP / NO PUMP OR VALVE OPTION 96B0242N07 
W/ VARIABLE PUMP — 265 VOLTAGE 96B0242N09 
W/ VARIABLE PUMP — 208-230 VOLTAGE 96B0242N12 
W/ MOD VALVE 96B0243N01 
W/ LON / MOD VALVE 96B0243N02 
W/ MPC / MOD VALVE 96B0243N03 
208-230/60/3 W/ ISP / NO PUMP OR VALVE OPTION 96B0243N05 
W/ LON / ISP / NO PUMP OR VALVE OPTION 96B0243N06 
W/ MPC / ISP / NO PUMP OR VALVE OPTION 96B0243N07 
W/ VARIABLE PUMP 96B0243N09 
W/ MOD VALVE 96B0244N01 
W/ LON / MOD VALVE 96B0244N02 
W/ MPC / MOD VALVE 96B0244N03 
460/60/3 W/ ISP / NO PUMP OR VALVE OPTION 96B0244N05 
W/ LON / ISP / NO PUMP OR VALVE OPTION 96B0244N06 
W/ MPC / ISP / NO PUMP OR VALVE OPTION 96B0244N07 
W/ VARIABLE PUMP 96B0244N09 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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® TITLE PCN: DATE DRAWING NO: REV. 
2 208-230/60/I, 265/60/1 DXM2, MWV, ECM, COMMERCIAL 15-0324 | 6/12/15 96B0242NO01| B 
® 
fs) LEGEND = HWT HoT WATER GENERATOR NOTES: 
o <p Revay / Contactor Co | O>O Circuit BREAKER on oe eel Contacts ENTERING WATER Temp Sensor |. COMPRESSOR AND BLOWER MOTOR THERMALLY PROTECTED INTERNALLY 
B Factory Low VOLTAGE WIRING en Eee JW JUMPER WIRE 2. ALL WIRING TO THE UNIT MUST COMPLY WITH NEC AND LOCAL CODES. 
= oA-0 SoteNoio Con BMC BLOWER MoTOR CAPACITOR 
3 THERETO BRO. BOER REL LAT LEAVING AIR TEMPERATURE [5, 208/250V TRANSFORMER WILL BE CONNECTED FOR 20BV OPERATION, 
2 wus FACTORY LINE VOLTAGE WIRING CRC Conpmeseon RUN Caractror | LOC LOSS OF CHARGE PRESSURE Swmitc | FOR 240V OPERATION, DISCONNECT RED LEAD AT Ll, AND ATTACH ORG LEAD To LI. INSULATE OPEN END OF RED LEAD. 
3 OF Retay contacts - N.C. | Co CIRCUIT BREAKER im WATER ColL Low TEMPERATURE 4. LTI THERMISTOR PROVIDES LOW TEMPERATURE PROTECTION FOR WATER. WHEN USING ANTIFREEZE SOLUTIONS, CUT JW3 JUMPER. 
» FIELD LOW VOLTAGE WIRING =I CONDENSATE PAN ce Gondaceeon Genckcioe PROTECTION SENSOR 5, REFER TO MPC, LON, OR TSTAT INSTALLATION, APPLICATION, AND OPERATION MANUAL FOR CONTROL WIRING TO THE UNIT. 
iad {Fo RELAY conracts - N.O. LT2 AIR ColL Low TEMPERATURE WIRE "Y" FROM T-STAT To "Y" OXM WHEN A MOTORIZED VALVE IS NOT USED 
r aE GROUND CDT —CoMPRessoR DiscHARGE PROTECTION SENSOR T-STAT WIRING MUST BE "CLASS |" AND VOLTAGE RATING EQUAL TO OR GREATER THAN UNIT SUPPLY VOLTAGE 
ih stem mm mt FIELD LINE VOLTAGE WIRING = TEMPERATURE SENSOR 
3 O40 Capacitor LWT LEAVING WATER TEMPERATURE 6. 24V ALARM SIGNAL AT ALI. FoR DRY CONTACT BETWEEN ALI & AL2, cUT JWI 
ih —- —- — Pinte circuit TRACE * ORTIONAL CO CONDENSATE OVERFLOW SENSOR | Mwy — MoouLATING WATER VALVE 7. TRANSFORMER SECONDARY GROUND VIA CXM/DXM BOARD STANDOFFS & SCREWS TO CONTROL BOX 
& q Wire Nut O-gO Tenperarure Switch | EWT ENTERING WATER TEMPERATURE | pe Frey WIRING POWER BLOCK (GROUND AVAILABLE FROM TOP TWO STANDOFFS AS SHOWN.) 
: —— — — — opmionat Low VouTase WiRinc HP HIGH PRESSURE SwiTcH 8. AQUA STAT {5 SUPPLIED WITH UNIT AND MUST BE WIRED IN SERIES WITH THE HOT 
g a SPLICE CAP FEO Low Pressure Swrrci *" PR: PUNE RELAY LEG TO THE PUMP, AQUA STAT IS RATED FOR VOLTAGE UP To 277V 
3 sm Nem OPTIONAL LINE VOLTAGE WIRING HPA Hici PUMP AMBIENT TEMP SWITCH py REVERSING VALVE 9. FoR ECM BLOWER MOTOR AIR FLOW ADJUSTMENT AND DIAGNOSTIC INFORMATION REFER TO UNIT OM 
So eS LED HPWS HIGH PRESSURE WATER SWITCH 
=> OL Hien eresoune Siren 10. FoR MWV OPTION, PLACE JUMPER ON 0-IOV FINS. 
co) HHH or riowat. 80x HWG — Hor WATER GENERATOR TRANS TRAST ORES 
s WV WATER VALVE ||. FoR MWV OPTION, ENSURE ACTUATOR DIRECTION SWITCH IS SET AS SHOWN. 
o 
So 
® 


COMPRESSOR 


R@ 
A+@t 
B- GF 
Ce 


T-STAT = 
ATC32U01* oe 


SEE NOTE 3 
YEL YEL TRANS 


RED 208V_BRN 265V RED 208V BRN 265V 


CONTROL BOX LAYOUT 


i} 
SEE NOTE 5 | 
1 


ORG 240V 


24V 


of 
CB3-4A 240V 


BLK COM 


TYPICAL | 
T-STAT 
SEE NOTE 5 
VIQ4 ra rrr 
a al i iia ales a A SEE NOTE 9 
ac = O 
DXM2 es 
MICROPROCESSOR —T 7 
Le 
SoM Ee COMMERCIAL HI-VOLTAGE 1—PHASE 
FIELD rine 
WHEN DISCONNECT OPTION eee LOW VOLTAGE DXM2 
|S NOT PRESENT i i 
COMM:SLAVE/MASTER is G [T2 Tl [ 
AWG NORM/TEST i i 
FIWG-DISABLE/ENABLE i DISC) 
' OFF oN i i 
OFF_ON =F 
| Fem | urs; oisacevevante fem "overs i = see 
| Unir siace: er Em) acce 
eg s| Wistar ter Cooutear Pun Ems ASSzrons 
[ER |eraierscs Ee 
1 | Ems] bevomomonan Fam ST Ho ran/oenmo 
| [Eom 6] DDC OUTPUT.DDC/NORMAL [Com 8} Not Usep ba l i : J 
[m7] Bovervess; enasle/Disasie 
| FEE] eonecess: cosrrsorr ae ewiTeR SEE NOTE 2 
Oe sw eels ~ NOTE Iz ConsueTSRe OnLy 
| re GESEE NOTE Fs UNIT POWER SUPPLY 
{ 208-250/60/I 
\ 
\ 
SEE NOTE 8 
EXTERNAL r-{e] GROUND 
HWG oun = 
COMPRESSOR PUME. =r) BONE RAT OR 
H SECOND STAGE / 7 *-"| BOWER SUPPLY 
SOLENOID i USE COPPER 
| \ Pe. | CONDUCTORS ONLY 
H eens SEE “J SEE NOTE 2 AND 8 
NOTE 12 


JOWOISND SJ9]Se/\9JeW||D JOB]UCO asea|q ‘UldJ9Yy Paguosap se aq jou Aew puke soljou jnoyjm pabueyo aq Aew Jepio JO awiy ay) Je JONpoJd Yoke jo suOeo!oeds pue UBIsep ay} ‘IINsal e sy ‘s}onpoid sy! eACdu! O} AlfenuqUCO syjom Ja]SeyyayeUU| 


aAleA JazeAA Buiyejnpoyy yUM syiuA AL eseyd abuig — wesbeig Buip, jeridAL 


d-1/9ONA VLVG WALLINENS VOLPV-OSH - ZHOOSO SwlssasSs AL 


TE SERIES 60HZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Typical Wiring Diagram - Single Phase 208/230V TE Units with Variable Pump 


Low PRESSURE SWITCH co 
HIGH PRESSURE SWITCH 


TITLE: PCN DATE: DRAWING NO REV 
208-250/60/1 DXM2 , INTERNAL PUMP, ECM, COMM 15-0324 6/15/15 96B0242NI2| B 
NOTES: 
= Hor WATER GENERATOR 
Leseno Op sme eomcrn con | 0% creurseanee [AL amar cracrs | HME Her Waren Guo T Concsson Avo BLOWER MOTOR THERMALLY PROTECTED WTERNALLY 
FAcToRY Low VOLTAGE WIRING oA;-0 SoLenoin Cox BM BLOWER MoToR ENTERING WATER TEMP GENCOR 2. ALL WIRING TO THE UNIT MUST COMPLY WITH NEC AND LOCAL coDéS. 
BMC BLOWER MoToR CaPAciToR 3. 208/250V TRANSFORMER WILL BE CONNECTED FOR ZOBV OPERATION 
sm FACTORY LINE VOLTAGE WIRING JW JUMPER WiRE 
<<» HSHMISTOR ofKo Revay conracts-N.C. | BR BLOWER RELAY cis Leavis Ain TRECRATIRE FoR 240V OPERATION, DISCONNECT RED LEAD AT Ll, AND ATTACH ORG LEAD TO LI. INSULATE OPEN END oF RED LEAD. 
= FIELD LOW VOLTAGE WIRING eae Eoummescon wimliCheabrrse LOC Loss OF CHARGE PRESSURE Swirch | “ LT! THERMISTOR PROVIDES LOW TEMPERATURE PROTECTION FOR WATER. WHEN USING ANTIFREEZE SOLUTIONS, CUT JWS JUMPER 
smn mm mt mt FIELD LINE VOLTAGE WIRING = CONDENSATE PAN SLSR CRORES NO ee oe Gack ai 5. REFER TO MPC, LON, OR TSTAT INSTALLATION, APPLICATION, AND OPERATION MANUAL FOR CONTROL WIRING TO THE UNIT. 
HRCUTT BREARER “Ty WATER Coll: LOW TEMPERATE WiRE "Y" FROM T-STAT To "Y" DXM WHEN A MOTORIZED VALVE IS NOT USED. 
—-—-— PRINTED CincuiT TRACE oO} Go Caracttor CC COMPRESSOR CoNTACTOR PROTECTION SENSOR 
a GROUND T-STAT WIRING MUST BE "CLASS I" AND VOLTAGE RATING EQUAL TO OR GREATER THAN UNIT SUPPLY VOLTAGE. 
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7. TRANSFORMER SECONDARY GROUND VIA CXM/DXM BOARD STANDOFFS & SCREWS TO CONTROL BOX. 
(GROUND AVAILABLE FROM TOP TWO STANDOFFS AS SHOWN.) 

8. AQUA STAT IS SUPPLIED WITH UNIT AND MUST BE WIRED IN SERIES WITH THE HOT 
LEG To THE PUMP. AQUA STAT IS RATED FOR VOLTAGE UP TO 277V. 

9. FoR ECM BLOWER MOTOR AIR FLOW ADJUSTMENT AND DIAGNOSTIC INFORMATION REFER TO UNIT |OM 

10. FOR VARIABLE SPEED PUMP CONTROL AND DIAGNOSTIC INFORMATION REFER TO UNIT |OM. 

I. FoR VARIABLE SPEED PUMP OPTION, PLACE JUMPER ON PWM PINS 
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o THLE: PON DATE DRAWING NO: REV. 
g 460/60/3 DXM2, INTERNAL PUMP, ECM, COMMERCIAL 15-0385 | 7/1/15 96B0244N05) C 
nod = 
3B NOTES: 
a LEGEND [@: RELAY / CoNTactor Con | OO CIRCUIT BREAKER AL ALARM RELAY CONTACTS es oot aes eeenres |. COMPRESSOR AND BLOWER MOTOR THERMALLY PROTECTED INTERNALLY 
2 FACTORY LOW VOLTAGE WIRING a erat BM BLOWER MoToR ENTSaNG WATE Tepe SEGGR 2. ALL WIRING To THE UNIT MUST COMPLY WITH NEC AND LOCAL coDES. 
3 = BMC BLOWER MoTor CAPACITOR UW JUMPER WIRE 3. TRANSFORMER IS WIRED G60V (BLK/RED) Leap FoR 460/60/3 UNITS, 
Ff cum Factory Line VOLTAGE WIRING HERUETOR oto Retay contacts -N.C. BR BLOWER RELAY LAT LEAVING AIR TEMPERATURE TRANSFORMER 1S ENERGY LIMITING OR MAY HAVE CIRCUIT BREAKER. 
- 4. LTI THERMISTOR PROVIDES LOW TEMPERATURE PROTECTION FOR WATER. WHEN USING ANTIFREEZE SOLUTIONS, CUT JW3 JUMPER. 
ad FIELD Low VOLTAGE WIRING . LOC Loss oF CHARGE PRESSURE SWITCH 
n CONDENSATE PAN 0-40 ReLay contacts - N.O. . Had aa Hn PPAR ier cys en Goa. Lawctonsedi ae 5. REFER TO MPC, LON, OR TSTAT INSTALLATION, APPLICATION, AND OPERATION MANUAL FOR CONTROL WIRING TO THE UNIT. 
4 FIELD LINE VOLTAGE WiRING . IRCUT BREAKER Wires Go. on Te Wine *Y* FROM T-STAT TO “Y" DXM WHEN A MOTORIZED VALVE IS NOT USED 
4 —-_- Panren cineurr Trace = O50 Tenrenarune Swrroy | COT CouPnesson Discuance Aun on Lo Tenrena Tue 6. ZAV ALARH SIGNAL AT ALI, FOR Dav CONTACT BETWEEN ALI & ALZ, cUT JWI 
. OPTIONAL 
Gg ee OPTIONAL Low VOLTAGE WIRING ore Low PRESSURE SwiTcH | CO CONDENSATE OveRFLOW Sensor | LWT LEAVING WATER TEMPERATURE 7. TRANSFORMER SECONDARY GROUND VIA CXM/DXM BOARD STANDOFFS & SCREWS TO CONTROL Box. 
g q Wire Nut EWT ENTERING WATER Temperature | VES MoToRIZeo VALVE END SmiTcH (GROUND AVAILABLE FROM TOP TWO STANDOFFS AS SHOWN.) 
ro) 7 Pe a 8. AQUA STAT IS SUPPLIED WITH UNIT AND MUST BE WIRED IN SERIES WITH THE HOT 
So RATIONAL LINE VOLTARE WIRING oa SPLICE CAP baal Hist PRESSURE SWITCH | sok bet Pun-AMBIENT TEMP SWITCH te EEL Wilms: Petes: BLoek LEG To THE PUMP. AQUA STAT |S RATED FOR VOLTAGE UP To 277V. 
s be Hs peeks Bass PR PUMP RELAY 9. FoR ECM BLOWER MOTOR AIR FLOW ADJUSTMENT AND DIAGNOSTIC INFORMATION REFER TO UNIT 1OM. 
= OrTIONAL: BOK o LED RV REVERSING VALVE 10, FOR VARIABLE SPEED PUMP CONTROL AND DIAGNOSTIC INFORMATION REFER TO UNIT IOM 
ot HPWS HIGH PRESSURE WATER SWITCH | Trays TRANSFORMER Il. FOR VARIABLE SPEED PUMP OPTION, PLACE JUMPER ON FWM FINS. 
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Typical Wiring Diagram - Single Phase TE Units with MWV and MPC Controller 


THE PON DATE DRAWING NO: REV. 
208-230, 265/60/1 DXM2, MWV, ECM, MPC, COMMERCIAL is-0324 | 6/2/15 96B0242N03}| D 
= AL ALARM RELAY CONTACTS (NOTES: 
LEGEND [@> ReLay / Contactor Co | O5>O CIRCUIT BREAKER WG: ¢ HOT WATER GENERATOR |. COMPRESSOR AND BLOWER MOTOR THERMALLY PROTECTED INTERNALLY. CONTROL BOX LAYOUT 
FACTORY LOW VOLTAGE WIRING AO SOLENOID CoIL BM BLOWER MoToR HWT HoT WATER GENERATOR 2. ALL WIRING TO THE UNIT MUST COMPLY WITH NEC AND LOCAL CODES. 
FACTOR LINE’ VOLTAGE WIRING > 1 BMC — BLOWER MoTOR CAPACITOR ENTERING WATER TEMP SENSOR 5. 208/250V TRANSFORMER WILL 8E CONNECTED FOR 20BV OPERATION. 
SS INt HERMISTOR FOR 240V OPERATION, DISCONNECT RED LEAD AT LI, AND ATTACH ORG LEAD To LI. INSULATE OPEN END OF RED LEAD. 
Jw JUMPER WIRE 5 Fi 
= — FIELD Low VOLTAGE WIRING O-} FO (RELAY conracre- N.C. | BR BLOWER RELAY Ay LEAVING. Alm TEMPERATURE 14, LTI THERMISTOR PROVIDES LOW TEMPERATURE PROTECTION FOR WATER. WHEN USING ANTIFREEZE SOLUTIONS, CUT JW3 JUMPER. 
a N. CRC COMPRESSOR RUN CAPACITOR 5. REFER TO MPC, LON, OR TSTAT INSTALLATION, APPLICATION, AND OPERATION MANUAL FOR CONTROL WIRING TO THE UNIT. 
m FIELD LINE VOLTAGE WIRING ==] = CONDENSATE PAN ial be RELAY CONTACTS - N.O. cB CIRCUIT BREAKER Loc Loss OF CHARGE PRESSURE SWITCH Wire "Y" FROM T-STAT To "Y" DXM WHEN A MOTORIZED VALVE IS NOT USED, 
—- —-  Printen circuit Trace LTI WATER ColL Low TEMPERATURE T-STAT WIRING MUST BE “CLASS I" AND VOLTAGE RATING EQUAL TO OR GREATER THAN UNIT SUPPLY VOLTAGE. 
GROUND 4 ¢0 Caracitor CC COMPRESSOR CoNTACTOR PROTECTION SENSOR 6. 24V ALARM SIGNAL AT ALI. FOR DRY CONTACT BETWEEN ALI & AL2, CUT JWI 
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TIONAL o7 9 Low PRESSURE SWITCH LWT LEAVING WATER TEMPERATURE 8. AGUA STAT IS SUPPLIED WITH UNIT AND MUST BE WIRED IN SERIES WITH THE HOT 
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EWT ENTERING WATER TEMPERATURE 9. FoR ECM BLOWER MOTOR AIR FLOW ADJUSTMENT AND DIAGNOSTIC INFORMATION REFER TO UNIT IOM. 
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Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 


but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 
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208-230, 265/60/1 DXM2, MWV, ECM, LON, COMMERCIAL 15-0324 | 6/i2/i5 96B0242N02) C 
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wm FACTORY LINE VOLTAGE WIRING <p THERMISTOR BR BLOWER RELAY LAT — LEAVING AIR TEMPERATURE 13. 208/230V TRANSFORMER WILL BE CONNECTED FOR 20BV OPERATION. 
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4 co Ginay Becaiee LT WATER ColL Low Temperature 4. LTI THERMISTOR PROVIDES LOW TEMPERATURE PROTECTION FOR WATER. WHEN USING ANTIFREEZE SOLUTIONS, CUT JWS JUMPER 

FIELO LINE VOLTAGE WIRING EConpensaTe PAN CHO Retay contacts -N.0. |ce  Conpnesson contactor PROTECTION SENSOR 5. REFER To MPC, LON, OR TSTAT INSTALLATION, APPLICATION, AND OPERATION MANUAL FOR CONTROL WIRING TO THE UNIT 
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Tranquility® 30 (TE) Series 60Hz Engineering Specifications — Page 1 


General: 

Furnish and install ClimateMaster Tranquility® “TE” Water Source Heat Pumps, as indicated on the plans. Equipment shall be 
completely assembled, piped, and internally wired. Capacities and characteristics as listed in the schedule and the specifications that 
follow. 


Units shall be supplied completely factory built capable of operating over an entering water temperature range from 20° to 120°F 
(-6.7° to 48.9°C) as standard. Equivalent units from other manufacturers may be proposed provided approval to bid is given 10 days 
prior to bid closing. All equipment listed in this section must be rated and certified in accordance with Air-Conditioning, Heating and 
Refrigeration Institute/International Standards Organization (AHRI/ISO 13256-1). All equipment must be tested, investigated, and 
determined to comply with the requirements of the standards for Heating and Cooling Equipment UL-1995 for the United States and 
CAN/CSA-C22.2 NO.236 for Canada, by Intertek Testing Laboratories (ETL). The units shall have AHRI/ISO and ETL-US-C labels. 


All units shall be fully quality tested by factory run testing under normal operating conditions as described herein. Quality control 
system shall automatically perform via computer: triple leak check, pressure tests, evacuation and accurately charge system, perform 
detailed heating and cooling mode tests, and quality cross check all operational and test conditions to pass/fail criteria. Detailed 
report card will ship with each unit displaying status for critical tests and components. Note: If unit fails on any cross check, it shall 
not be allowed to ship. Serial numbers will be recorded by factory and furnished to contractor on report card for ease of unit 
warranty status. Units tested without water flow are not acceptable. 


Basic Construction: 

Horizontal units shall have one of the following air flow arrangements: Left Inlet/Straight (Right) Discharge; Right Inlet/Straight (Left) 
Discharge; Left Inlet/Back Discharge; or Right Inlet/Back Discharge as shown on the plans. Units must have the ability to be field 
convertible from straight to back or back to straight discharge with no additional parts or unit structure modification. Horizontal units 
will have factory installed hanger brackets with rubber isolation grommets packaged separately. 


Vertical Units shall have one of the following air flow arrangements: Left Return/Top Discharge, Right Return/Top Discharge, Left 
Return/Bottom Discharge, Right Return/Bottom Discharge as shown on the plans. 


If units with these arrangements are not used, the contractor is responsible for any extra costs incurred by other trades. All units 
(horizontal and vertical) must have a minimum of three access panels for serviceability of compressor compartment. Units having only 
one access panel to compressor/heat exchangers/expansion device/refrigerant piping shall not be acceptable. 


Compressor section interior surfaces shall be lined with 1/2 inch (12.7mm) thick, 1-1/2 lb/ft3 (24 kg/m3) acoustic type glass fiber 
insulation. Air handling section interior surfaces shall be lined with 1/2 in (12.7mm) thick, 1-1/2 |b/ft3 (24 kg/m3) foil-faced fiber 
insulation for ease of cleaning. Insulation placement shall be designed in a manner that will eliminate any exposed edges to prevent 
the introduction of glass fibers into the air stream. Units without foil-faced insulation in the air handling section will not be 
accepted. 


The heat pumps shall be fabricated from heavy gauge galvanized steel with powder coat paint finish. Both sides of the steel shall be 
painted for added protection. 


Standard cabinet panel insulation must meet NFPA 90A requirements, air erosion and mold growth limits of UL-181, stringent fungal 
resistance test per ASTM-C1071 and ASTM G21, and shall meet zero level bacteria growth per ASTM G22. Unit insulation must meet 
these stringent requirements or unit(s) will not be accepted. 


All horizontal units to have factory installed 1"(25.4mm) discharge air duct collars, 1"(25.4mm) filter rails with 1”(25.4mm) filters factory 
installed, and factory installed unit-mounting brackets. Vertical units to have field installed discharge air duct collar, shipped loose 

and 1"(25.4mm) filter rails with 1"(25.4mm) filters factory installed. If units with these factory-installed provisions are not used, the 
contractor is responsible for any extra costs to field install these provisions, and/or the extra costs for his sub-contractor to 
install these provisions. 


All units must have an insulated panel separating the fan compartment from the compressor compartment. Units with the compressor 

in the air stream are not acceptable. Units shall have a factory installed 1 inch (25.4mm) wide filter bracket for filter removal from either 
side. Units shall have a 1 inch (25.4mm) thick throwaway type glass fiber filter. The contractor shall purchase one spare set of filters and 
replace factory shipped filters on completion of start-up. Filters shall be standard sizes. If units utilize non-standard filter sizes then the 

contractor shall provide 12 spare filters for each unit. 


Cabinets shall have separate holes and knockouts for entrance of line voltage and low voltage control wiring. All factory-installed 
wiring passing through factory knockouts and openings shall be protected from sheet metal edges at openings by plastic ferrules. 
Supply and return water connections shall be copper FPT fittings, and shall be securely mounted flush to the cabinet corner post 
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allowing for connection to a flexible hose without the use of a back-up wrench. Water connections that protrude through the cabinet 
or require the use of a backup wrench shall not be allowed. All water connections and electrical knockouts must be in the compressor 
compartment corner post as to not interfere with the serviceability of unit. Contractor shall be responsible for any extra costs involved 
in the installation of units that do not have this feature. Contractor must ensure that units can be easily removed for servicing and 
coordinate locations of electrical conduit and lights with the electrical contractor. 


Option: The unit will be supplied with optional field or factory installed 2" air filter rails (typically used for free return installation) or 1” 
or 2" air filter frames with filter access door and return air duct flanges (typically used for ducted return installation). 
A corresponding 1” or 2” throwaway type glass fiber filter will ship with the factory installed filter rails or frame. 


Option: The contractor shall install 1 inch MERV 8, 2 inch MERV 11, or 2 inch MERV 13 rated pleated media disposable air filters on all 


units. 


Option: UltraQuiet package shall consist of high technology sound attenuating material that is strategically applied to the compressor 
and air handling compartment casings and fan scroll in addition to the standard ClimaQuiet system design, to further dampen 


and attenuate sound transmissions. Compressor is mounted on specially engineered sound-tested spring isolators. 


Option: The unit will be supplied with internally factory mounted modulating water valve for variable soeed pumping requirements. 


Option: The unit will be supplied with internally factory mounted variable speed water circulating pump. 


Option: The unit will be supplied with internally mounted secondary pump for primary/secondary applications, including one-pipe 
systems. 


Option: The unit shall be supplied with extended range insulation option, which adds closed cell insulation to internal water lines, and 
provides insulation on suction side refrigeration tubing including refrigerant to water heat exchanger. 


Fan and Motor Assembly: 

Blower shall have inlet rings to allow removal of wheel and motor from one side without removing housing. Units shall have a direct- 
drive centrifugal fan. The fan motor shall be an ECM variable speed ball bearing type motor. The ECM fan motor shall provide soft 
starting, maintain constant CFM over its static operating range and provide airflow adjustment in 25 CFM increments via its control 
board. The fan motor shall be isolated from the housing by rubber grommets. The motor shall be permanently lubricated and 

have thermal overload protection. A special dehumidification mode shall be provided to allow lower airflows in cooling for better 
dehumidification. The dehumidification mode may be constant or automatic (humidistat controlled). Airflow/Static pressure rating 
of the unit shall be based on a wet coil and a clean filter in place. Ratings based on a dry coil, and/or no air filter, shall NOT be 
acceptable. 


Refrigerant Circuit: 

All units shall contain an EarthPure®(HFC-410A) sealed refrigerant circuit including a high efficiency two-stage scroll compressor 
designed for heat pump operation, a thermostatic expansion valve for refrigerant metering, an enhanced corrugated aluminum lanced 
fin and rifled copper tube or all aluminum micro channel refrigerant to air heat exchanger, reversing valve, coaxial (tube in tube) 
refrigerant to water heat exchanger, and safety controls including a high pressure switch, low pressure switch (loss of charge), water 
coil low temperature sensor, and air coil low temperature sensor. Access fittings shall be factory installed on high and low pressure 
refrigerant lines to facilitate field service. Activation of any safety device shall prevent compressor operation via a microprocessor 
lockout circuit. The lockout circuit shall be reset at the thermostat or at the contractor supplied disconnect switch. Units that cannot 
be reset at the thermostat shall not be acceptable. 


Hermetic compressors shall be internally sprung. The compressor shall have a dual level vibration isolation system. The compressor 
will be mounted on specially engineered sound-tested EPDM vibration isolation grommets to a large heavy gauge compressor 
mounting plate, which is then isolated from the cabinet base with rubber grommets for maximized vibration attenuation. All units shall 
include a discharge muffler to further enhance sound attenuation. Compressor shall have thermal overload protection. Compressor 
shall be located in an insulated compartment away from air stream to minimize sound transmission. 


Refrigerant to air heat exchangers shall utilize enhanced corrugated lanced aluminum fins and rifled copper tube or all aluminum 
microchannel construction rated to withstand 625 PSIG (4309 kPa) refrigerant working pressure. Refrigerant to water heat exchangers 
shall be of copper inner water tube and steel refrigerant outer tube design, rated to withstand 625 PSIG (4309 kPa) working refrigerant 
pressure and 500 PSIG (3445 kPa) working water pressure. The refrigerant to water heat exchanger shall be “electro-coated” with a 
low cure cathodic epoxy material a minimum of 0.4 mils thick (0.4 — 1.5 mils range) on all surfaces. The black colored coating shall 
provide a minimum of 1000 hours salt spray protection per ASTM B117-97 on all external steel and copper tubing. The material shall 
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be formulated without the inclusion of any heavy metals and shall exhibit a pencil hardness of 2H (ASTM D3363-92A), crosshatch 
adhesion of 4B-5B (ASTM D3359-95), and impact resistance of 160 in-lbs (184 kg-cm) direct (ASTM D2794-93). 


Refrigerant metering shall be accomplished by thermostatic expansion valve only. Expansion valves shall be dual port balanced types 
with external equalizer for optimum refrigerant metering. Units shall be designed and tested for operating ranges of entering water 
temperatures from 20° to 120°F (-6.7° to 48.9°C). Reversing valve shall be four-way solenoid activated refrigerant valve, which shall 
default to heating mode should the solenoid fail to function. If the reversing valve solenoid defaults to cooling mode, an additional 
low temperature thermostat must be provided to prevent over-cooling an already cold room. 


Option: The unit will be supplied with a cupro-nickel coaxial water to refrigerant heat exchanger. 


Option: The unit shall be supplied with a hot water generator (desuperheater). 


Drain Pan: 

The drain pan shall be constructed of Stainless Steel to inhibit corrosion. This corrosion protection system shall meet the stringent 
1000 hour salt spray test per ASTM B117. If plastic type material is used, it must be HDPE (High Density Polyethylene) to avoid 
thermal cycling shock stress failure over the lifetime of the unit. Drain pan shall be fully insulated. Drain outlet shall be located at pan 
as to allow unobstructed drainage of condensate. Drain outlet for horizontal units shall be connected from pan directly to MPT fitting. 
No hidden internal tubing extensions from pan outlet extending to unit casing (that can create drainage problems) will be 
accepted. The unit as standard will be supplied with solid-state electronic condensate overflow protection. Mechanical float switches 
will NOT be accepted. 


Vertical units shall be furnished with a PVC FPT condensate drain connection and an internal factory installed condensate trap. If units 
without an internal trap are used, the contractor is responsible for any extra costs to field install these provisions, and/or the extra 
costs for his sub-contractor to install these provisions. 


Electrical: 

A control box shall be located within the unit compressor compartment and shall contain a 75VA transformer, 24 volt activated, 2 or 3 
pole compressor contactor, terminal block for thermostat wiring and solid-state controller for complete unit operation. Reversing valve 
and fan motor wiring shall be routed through this electronic controller. Units shall be name-plated for use with time delay fuses or 
HACR circuit breakers. Unit controls shall be 24 Volt and provide heating or cooling as required by the remote thermostat/sensor. 


Option: Units shall be supplied with factory installed non-fused electrical service disconnect switch. 


Solid State Control System (DXM2): 

Units shall have a solid-state control system. Units utilizing electro-mechanical control shall not be acceptable. The control system 
microprocessor board shall be specifically designed to protect against building electrical system noise contamination, EMI, and RFI 
interference. The control system shall have the following features: 


Anti-short cycle time delay on compressor operation. 

Random start on power up mode. 

Low voltage protection. 

High voltage protection. 

Unit shutdown on high or low refrigerant pressures (loss of charge). 

Unit shutdown on low water temperature. 

Condensate overflow electronic protection. 

Option to reset unit at thermostat or disconnect. 

Automatic intelligent reset. Unit shall automatically reset the unit 5 minutes after trip if the fault has cleared. If a fault occurs 3 times 

sequentially without thermostat meeting temperature, then lockout requiring manual reset will occur. 

Ability to defeat time delays for servicing. 

¢ Light emitting diode (LED) on circuit board to indicate high pressure, low pressure (loss of charge), low voltage, high voltage, low 
water/air temperature cut-out, condensate overflow, and control voltage status. 

¢ The low-pressure (loss of charge) switch shall not be monitored for the first 120 seconds after a compressor start command to 

prevent nuisance safety trips. 

24V output to cycle a motorized water valve or other device with compressor contactor. 

Unit Performance Sentinel (UPS). The UPS warns when the heat pump is running inefficiently. 

Water coil low temperature sensing (selectable for water or antifreeze). 

Air coil low temperature sensing. 

Removable thermostat connector. 

Night setback control. 
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e Random start on return from night setback. 

¢ Minimized reversing valve operation (Unit control logic shall only switch the reversing valve when cooling is demanded for the first 
time. The reversing valve shall be held in this position until the first call for heating, ensuring quiet operation and increased valve 
life.). 

Override temperature control with 2-hour timer for room occupant to override setback temperature at the thermostat. 

Dry contact night setback output for digital night setback thermostats. 

Ability to work with heat pump (Y, O) or heat/cool (Y, W) type thermostats. 

Ability to work with heat pump thermostats using O or B reversing valve control. 

Emergency shutdown contacts. 

Boilerless system heat control at low loop water temperature. 

Ability to allow up to 3 units to be controlled by one thermostat. 

Relay to operate an external damper. 

Ability to automatically change fan speed from multistage thermostat. 

Relay to start system pump. 

75 VA control transformer. Control transformer shall have load side short circuit and overload protection via a built in circuit breaker. 


NOTE: Units not providing the 8 safety protections of anti-short cycle, low voltage, high voltage, high refrigerant pressure, 
low pressure (loss of charge), air coil low temperature cut-out, water coil low temperature cut-out, and condensate overflow 
protections will not be accepted. 


Note: To achieve full benefit of the two-stage compressor and ECM fan, a 2 Heat/2 Cool thermostat (or a 3 Heat/2 Cool 
thermostat when electric backup heat is required) should be employed. 


Digital Night Setback with Pump Restart (with ATP32U03, ATP32U04, ATC32U02C) 

The unit will be provided with a Digital Night Setback feature using an accessory relay on the DXM2 controller and an external, field- 
provided time clock. The external time clock will initiate and terminate the night setback period. The thermostat will have a night 
setback override feature with a programmable override time period. 

An additional accessory relay on the unit DXM2 controller will energize the building loop pump control for the duration of the override 
period. (Note: this feature requires additional low voltage wiring. Consult Application Drawings for details.) 


Remote Service Sentinel: 

Solid state control system shall communicate with thermostat to display (at the thermostat) the unit status, fault status, and specific 
fault condition, as well as retrieve previously stored fault that caused unit shutdown. The Remote Service Sentinel allows building 
maintenance personnel or service personnel to diagnose unit from the wall thermostat. The control board shall provide a signal to 
the thermostat fault light, indicating a lockout. Upon cycling the G (fan) input 3 times within a 60 second time period, the fault light 
shall display the specific code as indicated by a sequence of flashes. A detailed flashing code shall be provided at the thermostat 
LED to display unit status and specific fault status such as over/under voltage fault, high pressure fault, low pressure fault, low water 
temperature fault, condensate overflow fault, etc. Units that do not provide this remote service sentinel shall not be acceptable. 


Option: Lonworks interface system 

Units shall have all the features listed above and the control board will be supplied with a LONWORKS interface board, which is 
LONMark certified. This will permit all units to be daisy chained via a 2-wire twisted pair shielded cable. The following points must be 
available at a central or remote computer location: 


space temperature 

leaving water temperature 

discharge air temperature 

command of space temperature setpoint 

cooling status 

heating status 

low temperature sensor alarm 

low pressure sensor alarm 

high pressure switch alarm 

condensate sensor alarm 

hi/low voltage alarm 

fan “ON/AUTO” position of space thermostat as specified above 
. unoccupied/occupied command 

cooling command 

heating command 

fan “ON/AUTO” command 
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q. fault reset command 
r. itemized fault code revealing reason for specific shutdown fault (any one of 7) 


Option: MPC (Multiple Protocol Control) interface system 

Units shall have all the features listed above and the control board will be supplied with a Multiple Protocol interface board. Available 
protocols are BACnet MS/TP, Modbus, or Johnson Controls N2. The choice of protocol shall be field selectable/changeable via the 
use of a simple selector switch. Protocol selection shall not require any additional programming or special external hardware or 
software tools. This will permit all units to be daisy chain connected by a 2-wire twisted pair shielded cable. The following points must 
be available at a central or remote computer location: 


space temperature 

leaving water temperature 

discharge air temperature 

command of space temperature setpoint 

cooling status 

heating status 

low temperature sensor alarm 

low pressure sensor alarm 

high pressure switch alarm 

condensate overflow alarm 

hi/low voltage alarm 

fan “ON/AUTO” position of space thermostat as specified above 
. unoccupied/occupied command 

cooling command 

heating command 

fan “ON/AUTO” command 

fault reset command 

itemized fault code revealing reason for specific shutdown fault (any one of 7) 
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Warranty: 
Climate Master shall warranty equipment for a period of 12 months from start up or 18 months from shipping (which ever occurs first). 


Option: Extended 4-year compressor warranty covers compressor for a total of 5 years. 


Option: Extended 4-year refrigeration circuit warranty covers coils, reversing valve, expansion valve and compressor for a total of 5 
years. 


Option: Extended 4-year control board warranty covers the CXM/DXM control board for a total of 5 years. 
FIELD INSTALLED OPTIONS 


Hose Kits: 
All units shall be connected with hoses. The hoses shall be 2 feet (61cm) long, braided stainless steel; fire rated hoses complete with 
adapters. Only fire rated hoses will be accepted. 


Valves: 

The following valves are available and will be shipped loose: 

a. Ball valve; bronze material, standard port full flow design, FPT connections. 
b. Ball valve with memory stop and PT port. 

c. “Y" strainer with blowdown valve; bronze material, FPT connections. 

d. Motorized water valve; slow acting, 24v, FPT connections. 


Hose Kit Assemblies: 

The following assemblies ship with the valves already assembled to the hose described: 

a. Supply and return hoses having ball valve with PT port. 

b. Supply hose having ball valve with PT port; return hose having automatic flow regulator valve with PT ports, and ball valve. 

c. Supply hose having “Y” strainer with blowdown valve, and ball valve with PT port; return hose having automatic flow regulator with 
PT ports, and ball valve. 


ClimateMaster works continually to improve its products. As a result, the design and specifications of each product at the time of order may be changed without notice and may not be as described herein. Please contact ClimateMaster's Customer 
Service Department at 1-405-745-6000 for specific information on the current design and specifications. Statements and other information contained herein are not express warranties and do not form the basis of any bargain between the parties, 
but are merely ClimateMaster's opinion or commendation of its products. The latest version of this document is available at climatemaster.com. 


LC991 - 61 Rev.: 09 July, 2015 Page of 


TE SERIES 6GOHZ - HFG-410A SUBMITTAL DATA ENG/I-P 


Tranquility® 30 (TE) Series 60Hz 
Engineering Specifications — Page 6 


d. Supply hose having “Y” strainer with blowdown valve, and ball valve with PT port; return hose having ball valve with PT port. 


Thermostats: 

The thermostat shall be a ClimateMaster mechanical or electronic type thermostat as selected below with the described features: 

a. Thermostat (communicating) (ATC32U02C) 
An electronic communicating LCD thermostat shall be provided. The thermostat shall offer three stages of heating and two 
stages of cooling with precise temperature control and have a four-wire connection to the unit. The thermostat shall be 
capable of manual or automatic change-over operation and shall operate in standard or programmable mode. An integrated 
humidity control feature shall be included to control a humidifier and/or a dehumidifier. The thermostat shall include a utility 
demand reduction feature to be initiated by an independent time program or an external input. 


The thermostat shall have a comprehensive installation setup menu to include configuration of the unit CFM for each mode 
of operation and configuration of the water flow rate through the unit, including variation of the water flow rate based on the 
stage of unit operation. 


The thermostat shall display system faults with probable cause and troubleshooting guidance. Comprehensive service 
diagnostics menus shall display, system inputs, system outputs, configuration settings, Geo source inlet and outlet 
temperatures, compressor discharge line temperature, liquid line temperature, leaving air temperature, and entering potable 
water temperature (on units equipped with a Hot Water Generator). The thermostat shall allow for immediate manual control 
of all DXM2 outputs at the thermostat for rapid troubleshooting. 


b. Multistage Digital Automatic Changeover (ATA22U01) 
Thermostat shall be multi-stage (2H/2C), manual or automatic changeover with HEAT-OFF-COOL-AUTO-EM HEAT system 
settings and fan ON-AUTO settings. Thermostat shall have an LCD display with temperature, setpoint(s), mode, and status 
indication. The temperature indication shall be selectable for °F or °C. The thermostat shall provide permanent memory of 
setpoint(s) without batteries. A fault LED shall be provided to indicate specific fault condition(s). Thermostat shall provide 
temperature display offset for custom applications. Thermostat shall allow unit to provide better dehumidification by 
automatically using lower fan speed on stage 1 cooling (higher latent cooling) as main cooling mode, and automatically 
shifting to high speed fan on stage 2 cooling. 


c. Multistage Automatic or Manual Changeover Programmable 7 Day (ATP32U03) 
Thermostat shall be 7 day programmable (with up to 4 setpoints per day), multi-stage (3H/2C), automatic or manual 
changeover with HEAT-OFF-COOL-AUTO-EM HEAT system settings and fan ON-AUTO settings. Thermostat shall have a 
blue backlit dot matrix LCD display with temperature, setpoints, mode, and status indication. The temperature indication 
shall be selectable for °F or °C. Time display shall be selectable for 12 or 24 hour clock. Fault identification shall be provided 
to simplify troubleshooting by providing specific unit fault at the thermostat with red backlit LCD during unit lockout. The 
thermostat shall provide permanent memory of setpoints without batteries. Thermostat shall provide heating setpoint range 
limit, cooling setpoint range limit, temperature display offset, keypad lockout, dead-band range setting, and inter-stage 
differential settings. Thermostat shall provide progressive recovery to anticipate time required to bring space temperature 
to the next programmed event. Thermostat shall provide an installer setup for configuring options and for setup of servicing 
contractor name and contact information. Thermostat shall allow the use of an accessory remote and/or outdoor temperature 
sensor (AST008). Thermostat navigation shall be accomplished via five buttons (up/down/right/left/select) with menu-driven 
selections for ease of use and programming. 


d. Multistage Automatic or Manual Changeover Programmable 7 Day with Humidity Control (ATP32U04) 
Thermostat shall be 7 day programmable (with up to 4 setpoints per day), multi-stage (3H/2C), automatic or manual 
changeover with HEAT-OFF-COOL-AUTO-EM HEAT system settings and fan ON-AUTO settings. Separate dehumidification 
and humidification setpoints shall be configurable for discreet outputs to a dehumidification option and/or an external 
humidifier. Installer configuration mode shall allow thermostat to operate with ECM fan dehumidification mode via settings 
changes. Thermostat shall have a blue backlit dot matrix LCD display with temperature, relative humidity, setpoints, mode, 
and status indication. The temperature indication shall be selectable for °F or °C. Time display shall be selectable for 12 or 24 
hour clock. Fault identification shall be provided to simplify troubleshooting by providing specific unit fault at the thermostat 
with red backlit LCD during unit lockout. The thermostat shall provide permanent memory of setpoints without batteries. 
Thermostat shall provide heating setpoint range limit, cooling setpoint range limit, temperature display offset, keypad lockout, 
dead-band range setting, and inter-stage differential settings. Thermostat shall provide progressive recovery to anticipate 
time required to bring space temperature to the next programmed event. Thermostat shall provide an installer setup for 
configuring options and for setup of servicing contractor name and contact information. Thermostat shall allow the use of an 
accessory remote and/or outdoor temperature sensor (ASTO008). Thermostat navigation shall be accomplished via five buttons 
(up/down/right/left/select) with menu-driven selections for ease of use and programming. 
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DDC Sensors: 

ClimateMaster wall mounted DDC sensor to monitor room temperature and interfaces with optional interface system described above. 
Several types as described below: 

a. Sensor only with no display (LON and MPC). 

b. Sensor with override (LON only). 

c. Sensor with setpoint adjustment and override (MPC only). 

d. Sensor with setpoint adjustment and override, LCD display, status/fault indication (LON and MPC). 


Accessory: 

Hand Held Communication/Diagnostic Service Tool ACDU02C 

Allows installation and service personnel to access the configuration and service modes of the DXM2 control board without installing 
the ATC32U02C communicating thermostat. 

Configure the airflow, pump, or modulating valve operation etc. 

Diagnose by viewing fault history and operating conditions at the time of fault and manually operating the unit. 
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Goulds Pumps: 


Goulds Pumps, a Division of Xylem, is a manufacturer of many types of pumps, but well known 
for their high quality, all stainless steel submersible pumps, which are suitable for potable water 
and feature a robust construction. When Goulds learned of the opportunity to participate in the 
unique energy saving design of an ATES project, they committed to provide all four submersible 
pumps (45 GPM) and provided high level of technical support to insure a successful deployment. 
A technical brochure of their submersible pump utilized for this demonstration follow and more 
information can be found at http://goulds.com/. 
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TECHNICAL BROCHURE 
45GS50 B35-85GS 


FEATURES 


Powered for Continuous Operation: All ratings are within the working limits of the motor 
as recommended by the motor manufacturer. Pump can be operated continuously without 
damage to the motor. 


Field Serviceable: Units have left hand threads and are field serviceable with common tools 
and readily available repair parts. 


Sand Handling Design: Our face clearance, floating impeller stack has proven itself for over 
50 years as a superior sand handling, durable pump design. 


FDA Compliant Non-Metallic Parts: Impellers, diffusers and bearing spiders are constructed 
of glass filled engineered composites. They are corrosion resistant and non-toxic. 


Discharge Head/Check Valve: Cast 303 stainless steel for strength and durability. Two cast-in 
safety line loops for installer convenience. The built-in check valve is constructed of stainless 
steel and FDA compliant BUNA rubber for abrasion resistance and quiet operation. 


Motor Adapter: Cast 303 stainless steel for rigid, accurate alignment of pump and motor. 
Easy access to motor mounting nuts using standard open end wrench. 


Stainless Steel Casing: Polished stainless steel is strong and corrosion resistant. 


Hex Shaft Design: Six sided shafts for positive impeller drive. 


Engineered Polymer Bearings: The proprietary, engineered polymer bearing material is 
strong and resistant to abrasion and wear. The enclosed upper bearing is mounted in a 
durable Noryl® bearing spider for excellent abrasion resistance. 


* BUILT INTHE — 


Thy 
35GS, 45GS, 65GS & 85GS = 


35-85 GPM 1-10HP, 60 HZ, SUBMERSIBLE PUMPS 


a xylem brand 


Residential Water Systems 
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WATER END DATA SPECIFICATIONS 
, Flow | Horse- B : Aa 
Series Model alee Stages debe Model fae Peon efficiency baa ha ee Rotation 
Length (in) | Weight (Ibs) GPM | Range GPM 
35GS10 1 6 14.2 8 35GS | 10-50 | 1.0-10 35 2 4" CCW 
35GS15 1.5 8 16.6 9 45GS | 20-65 | 1.5-10 45 2" 4" CCW 
35GS20 2 10 19.1 10 65GS | 30-80 | 1.5-10 65 20 4" CCW 
35GS | 35GS30 14 24.0 13 85GS | 40-120 | 3.0- 10 85 2" 4" CCW 
= sa ad “GS" SERIES MATERIALS OF CONSTRUCTION 
35GS75 75 36 53.0 28 ‘i 
Part Name Material 
ene? - #2 ape a Discharge Head AISI 303 SS 
pa 1s : ie a Check Valve Poppet AIS! 303 SS 
456820 7 : ves = Check Valve Seal BUNA, FDA Compliant 
aeee 2 10 19.0 10 Check Valve Seat AISI 304 SS 
45GS50 17 27.7 15 Check Valve Retaining Ring AISI 302 SS 
45GS75 7D 25 38.9 21 Bearing Spider - Upper Noryl 
45GS100 10 34 50.6 27 Bearing Proprietary Engineered Polymer 
65GS15 1.5 6 19.1 10 lipring AISI 301 SS 
65GS20 7 212 14 Diffuser Noryl 
65GS30 10 27.4 12 Ms New 
6909 e5GS50 16 41.2 18 eow! Bae: 
65GS75 75 2 623 35 ntermediate Sleeve* AISI 304 SS, Powder Metal 
ntermediate Shaft Coupling* AISI 304 SS, Powder Metal 
65GS100 10 33 76.8 42 : : - 
ntermediate Bearing Spider* Noryl 
enans’ 2 : cal is ntermediate Bearing Spider* AISI 303 SS 
Secs 85GS50 5 14 42.8 18 Shim AISI 304 SS 
eile i el oe = Screws - Cable Guard AISI 304 SS 
85GS100 10 27 79.9 4) Motor Adapter AISI 303 SS 
Casing AISI 304 SS 
Shaft 17-4 PH Stainless Steel 
NOMENCLATURE - Coupling AISI 304 SS, Powder Metal 
SOLD AS WATER ENDS ONLY Cable Guard AISI 304 SS 
3 5 G S 20 Suction Screen AISI 304 SS 


GPM at — 35, 45, 65, 85 I 


Best Efficiency 


GS Pump Series 
Horsepower Code 


10=1 50=5 
15 =1'/2 ToS f2 
20=2 100 =10 
30=3 
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DISCHARGE 2" NPT 


——{+— 
W.E. 

—_ <— 3.90" 
Effective 
diameter 
with cable 

v guard 
A 
— <— 3.75" 
MOTOR 
Vv 


Residential Water Systems 


CENTRIPRO 4" SINGLE-PHASE MOTORS 


Goulds Water Technology 


NEMA MOTOR 


Order No. | Type HP | Volts Length Weight ¢ Corrosion resistant stainless steel construction. 
jf in. (mm) _| _ th. (kg) | ss Built-in surge arrestor is provided on single phase mo- 
M10422 2-wire 1 230 13.3 (337) 24.5 (11.1) tars through 5 HP. 
M15422 PSC 1.5 14.9 (378) 28.9 (13.1) : : 
M10412 1 11.7(297) | 23.1(10.5) ¢ Stainless steel splined shaft. 
M15412 1.5 13.6 (345) | 27.4 (12.4) ¢ Hermetically sealed windings. 
|_ M20412__| 3-wire 2 230 15.1 (383) | 31.0 (14.1) ¢ Replaceable motor lead assembly. 
nie = a 18.3 (466) | 40-0081) e NEMA mounting dimensions 
M50412 5 27.7 (703) 70.0 (31.8) d 
¢ Control box is required with 3 wire single phase units. 
CENTRIPRO 4" THREE-PHASE MOTORS ° Abas phase units require a magnetic starter with three 
eg Class 10 overload protection. 
Order No. HP Volts Cag i ioe 
M10430 1 11.7 (297) 22 (10.4) 
M15430 15 11.7 (297) 22 (10.4) AGENCY LISTINGS 
M20430 2 ie 13.8(351) | 28(12.7) G: CentriPro Motor - tested to UL778 and CAN 22.2 by 
M30430 3 15.3 (389) 32 (14.5) CSA International (Canadian Standards Association) 
M50430 5 21.7(550) | 55 (24.9) = 
M75430 7.5 27.7 (703) 70 (31.8) spssite, 
M10432 1 11.7 (297) 23 (10.4) @ CentriPro Motor - Certified to NSF/ANSI 61, Annex 
M15432 15 11.7 (297) 23 (10.4) wa eau G, Drinking Water System Components 4P49 
M20432 2. 230 13.8 (351) 28 (12.7) 
M30432 3 15.3 (389) 32 (14.5) NSF/ANSI 372 - Drinking Water System Components - 
M50432 5 21.7(550) | 55 (24.9) SP: Lead Content 
M75432 7.5 27.7 (703) 70 (31.8) ) CLASS 6853 01 - Low Lead Content Certification 
M10434 1 11.7 (297) 23 (10.4) od Program - - Plumbing Products 
M15434 1.5 11.7 (297) 23 (10.4) 
M20434 2 13.8 (351) 28 (12.7) 
M30434 3 460 15.3 (389) 32 (14.5) 
M50434 5 21.7 (550) 55 (24.9) 
M75434 75 27.7 (703) 70 (31.8) 
M100434 10 = - 
M15437 1.5 11.7 (297) 23 (10.4) 
M20437 2 15.3 (389) 32 (14.5) 
M30437 3 57/5 15.3 (389) 32 (14.5) 
M50437 5 27.7 (703) 70 (31.8) 
M75437 7.5 27.7 (703) 70 (31.8) 
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Residential Water Systems 


Model 35GS 
METERS FEET 
1600 
MODEL 35GS 
450 SIZE COMPOSITE 
35GS100 RECOMMENDED RANGE ry RPM 3450 
1400 10-50 GPM 40 = 
= 
400 a 
1200 
aay _35GS75 ace 
— 
ral =| 
1000 
ai 300 nen. 
Y 
= 
= 29°F 800 50% 
a _35GS50 
2 200 _ 40% 
5 600 
Ee 
150 % 
35GS30 30% 
400 
100 20% 
200,35: ‘5 
50 10% 
0 0 0% 
fe) 10 20 30 40 GPM 50 
ee ee ee ee 
0 2 4 6 8 10 m2/hr 
CAPACITY 
Model 45GS 
METERS FEET 
1200 
456 MODEL 45GS 
45GS100 SIZE COMPOSITE 
- RECOMMENDED RANGE 4 RPM 3450 
~ 20 - 65 GPM EFF. 
soo 10% ahs 
80% 
556 45GS75 a 
800->——= 
2 [| 
u 60% 
= fo 
VU 
Y 200 
z 
600 50% 
< 45GS50 
a 7S 
J 1 
d 50 40% 
fe) 
e 400 
100 _45GS30 ants 
L45GS 20% 
200 456815 Wer 
50 = Se 
10% 
0 0 0% 
0 10 20 30 40 50 60 GPM 70 
ae ee ee (a EE eee 
0 2 4 6 8 10 12 14. m/hr 
CAPACITY 
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Goulds Water Technology 


Residential Water Systems 


Model 65GS 
METERS FEET 
900 
MODEL 65GS 
65GS100 SIZE COMPOSITE 
250 soo} = at RECOMMENDED RANGE P RPM 3450 
a 30 - 80 GPM 
~ EFF. 
— 
sl 
80% 
700 
65GS75 
200 ee a 
A 600 
: 60% 
“J 500 
150 
Z 50% 
B | 400.$86850__ 
a = 40% 
6 100 
- 300 
-65GS30 30% 
2 
°° 65GS20 65) 
50 +=. 
100 10% 
0 0 0% 
0 10 20 30 40 50 60 70 GPM 80 
EE EEE EE EE EE EEE EE — 
0 2 4 6 8 10 12 14 16. m?/hr 
CAPACITY 
Model 85GS 
METERS FEET 
700 
MODEL 85GS 
200 85GS100 SIZE COMPOSITE 
Pi RECOMMENDED RANGE 1 RPM 3450 
— = 
on eo 40 - 120 GPM = 
— 
80% 
depts 780 By seg 70% 
: = 
60% 
= 
S) 400 
= 
g 50% 
a 100 85GS50 
4 300 —___ =~ ; 
5 40% 
E 
30% 
200 
85GS30 
50 i el ee 
20% 
100 
10% 
0 0 0% 
0 20 40 60 80 100 GPM 120 
eS Ss Se a 
0 2 4 6 8 10 12 14. +16 18 20 22 24. ~m2/hr 
CAPACITY 
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Residential Water Systems 


MODEL 35GS 


SELECTION CHART 
Horsepower Range 1 - 3, Recommended Range 10 - 50 GPM, 60 Hz, 3450 RPM 


(CTolUIokomAVF-\u-Yam-Youalave) (oye hy 


Pump 
Model 


35GS10 


HP 


PSI 


Depth to Water in Feet/Ratings in GPM (Gallons per Minute) 


20 


40 
49 


60 
46 


80 
42 


100 
38 


120 
33 


140 
26 


160 
15 


180 


200 


220 


240 


260 


280 


300 


320 


340 


360 


380 


400 


420 


440 


460 


480 


520 


560 


600 


44 


40 


36 


31 


23 


11 


40 


36 


30 


22 


35 
28 


29 
18 


20 


16 


Shut-off 


35GS15 


PSI 


1% 


69 


47 


60 


45 


52 
48 
43 


43 
46 
39 


34 
43 
36 


26 
40 
32 


17 
37 
28 


33 
21 


29 
10 


23 


45 


42 


39 


35 


32 


27 


19 


42 


38 


35 


31 


26 


18 


38 
34 


34 
29 


30 
24 


25 
15 


16 


Shut-off 


35GS20 


Shut-off 


35GS30 


PSI 


PSI 


97 


88 


79 
50 


71 
48 


62 
46 


53 
44 


45 
42 


36 
39 


27 
37 


19 
34 


10 
30 


26 


20 


49 
47 


47 
45 


45 
43 


43 
40 


41 
38 


38 
35 


36 
32 


33 
28 


29 
23 


24 
16 


17 


44 


42 


40 


38 


30 


32 


27 


22 


15 


42 


40 


37 


34 


31 


27 


21 


14 


39 
123 


37 
114 


34 
105 


30 
97 
50 


26 
88 
48 


20 
79 
47 


12 
71 
45 


62 
44 


53 
42 


45 
41 


36 
39 


27 
38 


19 
36 


10 
34 


31 


28 


25 


21 


49 


48 


46 


45 


43 


42 


40 


39 


37 


35 


33 


30 


27 


24 


19 


14 


49 
47 


47 
46 


46 
44 


45 
43 


43 
a 


42 
40 


40 
38 


39 
37 


37 
35 


35 
32 


33 
30 


30 
26 


27 
22 


23 
18 


18 
12 


13 


46 


44 


43 


41 


40 


38 


36 


34 


32 


29 


26 


22 


17 


11 


44 


42 


41 


39 


38 


36 


34 


31 


29 


25 


21 


16 


10 


Shut-off 


PSI 


176 


168 


159 


150 


142 


133 


124 


116 


107 


98 


90 


81 


72 


64 


55 


46 


38 


Horsepower Range 5-10, Recommended Range 10 - 50 GPM, 60 Hz, 3450 RPM 


29 


20 


Pump 
Model 


35GS50 


HP 


PSI 


Depth to Water in Feet/Ratings in GPM (Gallons per Minute) 


50 


100 


150 
50 


200 
48 


250 
46 


300 
43 


350 
41 


400 
38 


450 
35 


500 
31 


550 
26 


600 
19 


650 
11 


700 


750 


800 


850 


900 


950 


1000 


1050 


1100 


1150 


1200 


1250 


1300 


1350 


50 


48 


46 


44 


41 


38 


35 


31 


26 


20 


12 


49 


47 


45 


42 


40 


37 


33 


29 


24 


16 


50 


48 


46 


44 


41 


38 


31 


27 


20 


12 


49 


47 


45 


43 


40 


37 


29 


24 


17 


48 


46 


44 


41 


39 


35 


27 


21 


13 


Shut-off 


35GS75 


PSI 


7% 


280 


259 


237 


215 


194 
50 


172 
48 


129 
46 


107 
44 


85 
43 


64 
41 


42 
39 


37 


35 


33 


30 


24 


19 


50 


49 


47 


44 


43 


41 


39 


37 


35 


33 


31 


28 


20 


14 


50 


49 


48 


47 


44 


42 


40 


38 


37 


34 


32 


29 


26 


17 


12 


50 


49 


47 


46 


43 


41 


39 


38 


36 


33 


31 


28 


24 


15 


50 


49 


48 


47 


45 


42 


40 


39 


37 


35 


32 


30 


26 


22 


12 


50 


49 


47 


46 


45 


41 


40 


38 


36 


34 


31 


28 


25 


20 


Shut-off 


35GS100 


PSI 


10 


453 


431 


410 


388 


366 


345 


301 
48 


280 
47 


258 
46 


236 
45 


215 
44 


193 
42 


171 
41 


150 
40 


128 
38 


85 
35 


63 
33 


42 
31 


29 


26 


24 


20 


16 


49 


47 


46 


45 


44 


42 


41 


40 


38 


37 


33 


31 


29 


27 


24 


20 


16 


12 


49 


47 


45 


44 


43 


42 


40 


39 


38 


36 


32 


30 


28 


25 


22 


19 


14 


49 


48 


46 


45 


44 


43 


41 


40 


38 


37 


35 


32 


29 


27 


24 


21 


17 


12 


49 


48 


46 


44 


43 


42 


41 


39 


38 


36 


34 


31 


28 


26 


23 


19 


15 


10 


49 


48 


47 


45 


44 


43 


41 


40 


39 


37 


35 


34 


30 


27 


24 


21 


17 


13 


Shut-off 
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PSI 


583 


561 


540 


518 


496 


475 


453 


431 


410 


388 


366 


345 


323 


302 


280 


258 


237 


215 


193 


172 


150 


128 


107 


85 


63 


42 


Goulds Water Technology 


Residential Water Systems 


MODEL 45GS 


SELECTION CHART 
Horsepower Range 11% - 5, Recommended Range 20 - 65 GPM, 60 Hz, 3450 RPM 


Pump el eS Depth to Water in Feet/Ratings in GPM (Gallons per Minute) 
Model 20 | 40 | 60 | 80 |100/120/140)/160)180/200/220/240/260/280/300|/320/340/360/380/400/440/480/520/560/600/640 


O | 64 | 61 
20 | 55 | 50 
30 | 49 | 43 
40 | 41 | 30 
50 | 27 


45GS15/1% 


Shut-off PSI 61 


20 | 59 
30 | 55 
40 | 51 
50 | 46 
60 | 40 
Shut-off PSI 88 


45GS20) 2 


20 | 62 
30 | 60 
40 | 57 
50 | 54 
60 | 51 


Shut-off PSI 130}121}113|104] 95 | 87 | 78 | 69 | 61 | 52 | 43 | 35 | 26 | 17 


45GS30) 3 


30 | 64 
40 | 62 
50 | 61 
60 | 60 
Shut-off PSI 228 


45GS50) 5 


Horsepower Range 7% - 10, Recommended Range 20-65 GPM, 3450 RPM 


Pump ip’ Pel Depth to Water in Feet/Ratings in GPM (Gallons per Minute) 
Model 40 | 80 | 120 | 160 | 200 | 240 | 280 | 320 | 360 | 400 | 440 | 480 | 520 | 560 | 600 | 640 | 680 | 720 | 760 | 800 | 840 | 880 | 920 | 960 |1000/1040 
ta) 
20 
30 
45GS75/|7% 40 65 
50 64 
60 | 65 | 63 
Shut-off PSI 332/315 
0 23 
20 
30 65 
45GS100| 10 40 65 
50 | 65 | 64 
60 | 65 | 64 
Shut-off PSI 456/439 58 
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Residential Water Systems 


MODEL 65GS 


SELECTION CHART 
Horsepower Range 11% - 5, Recommended Range 30 - 80 GPM, 60 Hz, 3450 RPM 


Pump Depth to Water in Feet/Ratings in GPM (Gallons per Minute) 
HP | PSI 
Model 80 | 100 | 120 | 140 | 160 | 180 | 200 | 220 | 240 | 260 | 280 | 300 | 320 | 340 | 360 | 380 | 400 | 440 | 480 


65GS15| 1% 


Shut-off PSI 


65GS20| 2 


Shut-off PSI 


65GS30| 3 


Shut-off PSI 


65GS50| 5 


Shut-off PSI 


Pump 
Model 


65GS75| 7% 


Shut-off PSI 


a eh ar 
65GS100| 10 x 
78 
79 [77 


74 | 71 | 68 | 64 | 60 | 57 | 52 
Shut-off PSI 339 | 322 | 305 | 288 | 270 | 253 | 236 | 218 | 201 | 184 | 166 | 149 | 132 
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Goulds Water Technology 


Residential Water Systems 


MODEL 85GS 


SELECTION CHART 
Horsepower Range 3 - 10, Recommended Range 40 - 120 GPM, 60 Hz, 3450 RPM 


Pump Depth to Water in Feet/Ratings in GPM (Gallons per Minute) 
Model 20 | 40 | 60 | 80 | 100) 120 | 140 | 160 | 180 | 200 | 220 | 240 | 260 | 280 | 300 | 320 | 340 | 360 | 380 | 400 | 440 | 480 | 520 


85GS30| 3 


Shut-off PSI 


85GS50| 5 


Shut-off PSI 


85GS75| 7% 


Shut-off PSI 
62 |52 
50 
85GS100/ 10 = 
Shut-off PSI 66 [49 
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Goulds Water Technology 


Residential Water Systems 


PART NUMBER CROSS REFERENCE 


Old GS Hi Cap PartNumber NEW eGS Hi Cap Part Number 
336510 35GS10 


33GS20 35GS20 


33GS50 35GS50 


33GS100 35GS100 


40GS20 45GS20 


40GS50 45GS50 


: 45GS100 


55GS20 65GS20 


55GS50 65GS50 


55GS100 65GS100 


60GS20 65GS20 


60GS50 65GS50 


75GS30 85GS30 


Gol SOGSio 


80GS30 85GS30 
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Xylem |'zilam| 


1) The tissue in plants that brings water upward from the roots; 
2) a leading global water technology company. 


We're a global team unified in a common purpose: creating innovative solutions 
to meet our world’s water needs. Developing new technologies that will improve 
the way water is used, conserved, and re-used in the future is central to our work. 
We move, treat, analyze, and return water to the environment, and we help people 
use water efficiently, in their homes, buildings, factories and farms. In more than 
150 countries, we have strong, long-standing relationships with customers who 
know us for our powerful combination of leading product brands and applications 
expertise, backed by a legacy of innovation. 


For more information on how Xylem can help you, go to www. xyleminc.com 


XYLEM senne 


1 2881 East Bayard Street Ext., Suite A 
Ree ane eaiee Seneca Falls, NY 13148 
Phone: (866) 325-4210 
Fax: (888) 322-5877 
www.gouldswatertechnology.com 


Goulds is a registered trademark of Goulds Pumps, Inc. and is used under license. 


CentriPro is a trademark of Xylem Inc. or one of its subsidiaries. 
Noryl and Lexan are trademarks of GE Plastic. 
© 2016 Xylem Inc. B35-85GS April 2016 


ISCO: 


ISCO is the largest high-density polyethylene (HDPE) pipe distributor in North America. When 
ISCO was offered to participate as an industry partner in the unique energy saving design of an 
ATES project, they committed to providing a substantial discount for the underground horizontal 
HPDE piping designed for the ATES project and provided technical support of their distributed 
products to insure a successful design. A product catalog of their HDPE geothermal products 
utilized for this demonstration follow and more information can be found at http://www.isco- 
pipe.com/home/ 


Your Single ip) 2m 
eae oothermal 
Product Catalog 


> Pipe > ISCO Circuit Maker Vault 
> Fittings > Custom Fabrication 
> Fusion Equipment 


ee is 22 ee 
Pe wy bs 


Re 


800-345-ISCO 


www.isco-pipe.com 


Version 2.1 2009 


J 
Ww. to the latest edition of the SS 


ISCO Geothermal Product Catalog. We have 
designed this tool to be your go-to resource 
for all your Geothermal HDPE piping needs. 
It contains detailed information about HDPE 
pipe and specifications, HDPE molded and 
fabricated fittings, Geothermal Socket Fusion 
molded fittings, McElroy fusion machines, 
vaults, headers, grout and much more — 

all in an easy-to-read indexed format. 


ISCO is proud to bring to the market the 
Circuit Maker Geothermal Vault which 
features butt-fused circuitry in a 100% 
leak-free HDPE structure. Our vaults keep 
your valve system and other equipment 
clean and safe for years to come. 


We're proud to offer these quality products 
listed in the catalog. However, please realize 
that ISCO is much more than the products 
we manufacture and sell. ISCO is hundreds 
of skilled professionals nationwide, 
dedicated to providing exceptional 
customer service across all areas including 
sales; training and technical support; 

fusion equipment sales, rental and repair; 
fabrication; shipping and transportation. 


We regularly work with engineers, installers 
and contractors in the development of 
reliable, efficient geothermal systems for 
commercial and residential applications. 
We assure you that no company will work 
harder to earn your Geothermal business. 


As our slogan says, ISCO “Comes 
through” with the HDPE product you 
need, when you need it, backed by 
experts on-hand to help make your 
project run smoothly — and profitably. 


Jimn 
Wher op oer / 


As always, thank you for your business 
and continued interest in our company. 
We look forward to serving you. 


Make ISCO your single source for 
high-density polyethylene pipe (HDPE) 
and associated products and services. 


HOPE experts serving: 
® Municipal * Geothermal 
¢ Industrial / FM Approved * Gas / Energy 
Underground Fire Mains ® Quarries / Mining 
¢ Landfill © Golf and Turf Irrigation 


HDPE — When you need it, where you want it 
® Sales, service & stocking sites nationwide 
— within a day's delivery of most jobs 
¢ Pipe, fittings, fusing equipment & accessories 
¢ Technical support always available 
HOPE — At a competitive price 
¢ Nobody buys, stocks or sells more HDPE 
e Wide assortment of value-added services and tech support 
Fabrication 
* Custom fabrication of polyethylene fittings and headers 
¢ Fabrication for circuit maker vaults 
® Specialists in HDPE manholes, structures and custom coils 
Fusion Equipment 
¢ Stocking the industry's largest fleet of fusion equipment 
— from 1" to 65" 
¢ Full line of equipment for sale or rent 
® Quality equipment from McElroy — 
the best in the industry 
e Exclusive distributor of the 
FastFusion® MFT-20. 
¢ All equipment pre-serviced; 
parts and service on demand 
¢ On-site technical consultation 
and training available 
© Service and re-building of existing equipment 
¢ ISCO Fusion Hot Line available for questions about equipment 
operation, techniques or problems 
Fusion Training 
¢ ISCO HDPE Expo and isco 


Fusion Academy sessions Fusion Acaoemy nba 


conducted nationwide 

¢ Hands-on fusion instruction on the latest equipment 

¢ Fusion Manual — Full color, step-by-step instructions with pictures 
on how to fuse HDPE in an easy-to-read pamplet. The manuals 
are waterproof and tearproof and come in either English or 
Spanish. Order your copy today at www.isco-pipe.com 


ISCO 


INDUSTRIES 


We | vol rT ing bs nt ol i! n : 


Www.iSco-pipe.com 


926 Baxter Avenue ° Louisville, KY 40204 
Tel: (800) 345-4726 © Fax: (800) 831-4726 


aFele)(= 
of 
(@royairayaies 


1-800-345-ISCO 


www.isco-pipe.com 


ISCO HDPE Geothermal Product Catalog 
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IPS HDPE Socket Fittings 


DOCKEL Caps. cecractiay.guntanies cantante heediabutsneesbntemmedaneindn 32 

90 Degree Socket EIDOW sictissssiniivaxenetezardinn iacamninciicaniinines 32 

DOCKeE TOO 25s ciesteelasss cs asteniseerets cays disasesseansapscutansseaetbewsonoanb neuen uawunenenetnatss 33 

90 Degree Reducing Socket Elbow.... 

Socket. Reducing Tees: ici eats chara eines auediaiien damned 34 

Socket Male Pipe Thread Adapter... ccssesssssessseseeeceeeseeteaeeneneeteeaees 35 Table 

45 Degree Socket Elbow feyi 
Socket Saddle Rectangular Base... sssesesseeeseseeseceeteseeteneeneneeteneaees 36 

Rocket Coupling ..wiesanaantaceeuiieemuuaemnanaduamiead 37 (@rolairaaies 
Socket Reducing Coupling. ccc. scisssssssscessescievessesesssscsseiveastssenscsnnsersauvesieeeny 37 


McElroy Fusion Equipment 


Manual Equipment 


TrGrOQU CUI OD s ssscsceciesizssezesdeescan vada dvasedvtentseelevciveveved caveevesseaatdevaesevatstvanseedsestene 38 
Theory Of Heat FUSION .c..sicscsiscsicessasssssiscesveasesedsnsvnsndcesneseaieasiiaxesiostagiecasiaaies 39 
McElroy Socket Tooling Kit... eseseseeeseeeseeseneetenseeeeeeesaeeeeaeeneneeeens 40) 


Sidewinder 


Fusion Equipment Accessories 


ACCESSOLIOS siccsscesaccsccsscnsssessbtusssivevssavasedesnessitvaectavaveacosestesiseesueassdaventoueussbeaets 49 


Friatec Electrofusion Products 


TIMEPOCUCTIL OM szeteavcacs accsieestessnastencatvasvestsussevsivcusert eeu eateastiveese cme usateisesresentsest 50 
Frialen® Universal ProCeSsor..ccccccccsssscscscsscssssssscscscsssssscssssscsesssssssssesess 5l 


Frialen® Electrofusion Couplings .....c.cccsessesssssesesesessesseessesesesseeseenes 52 

IPS Frialen® Electrofusion Couplings ......cssssssesessessessseseesesesseeseeseses 53 

Frialen® Electrofusion Branch Saddles.... 

Frialen® Electrofusion Repair Saddles.......scsscsssesessessesseesseseseseeseenes 55 

Frialen® Scraper TOOIS v.cssccessssscsssssssssesssssssssssssssseessssessssessssseessseesssseessseesess 56-57 1-800-345-ISCO 

ee eee) : : 
WwWwW.1SCO-pipe.com 
© Copyright 2009 ISCO Industries, LLC. All Rights Reserved. 3 


ISCO HDPE Geothermal Product Catalog 


Georg Fischer Central Plastics Electrofusion Products 
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High-Density 
Polyethylene Pipe 


Introduction 


ISCO Industries, LLC is the largest high-density polyethylene pipe distributor in North 
America. ISCO can serve your needs anywhere in the USA and internationally. ISCO offers 
a complete package of HDPE piping products. Butt fusion machines are offered for sale or 
rental. Fusion technicians are available to provide on-site training or assistance to your 
project. Please call 1-800-345-ISCO for all your HDPE piping needs. 


Some of The Characteristics of HDPE Pipe are: 


Economical 

Corrosion Resistant 

Zero Leak-Rate 
Hydraulically Smooth 
Fatigue and Surge Resistant 
Long Design Life 
Tappable 

Chemically Resistant 
Kasily Installed 

Small to Large Diameters 
Non-Toxic, Non-Tasting 
Lightweight 


Reliable 


Flexible and Coilable 

Heat Fused 

Mechanically Joined (As Needed) 
Strong and Ductile 

Weather Resistant 

Impact Resistant 

Freeze Resistant 

Durable 

Abrasion Resistant 

Inert 

Self Restrained Pipe (Monolithic) 


Listed and Approved 
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Important Standards for High Density Polyethylene (HDPE) Pipe 


Standards important for HDPE pipe relate to the resin the pipe is made from and the 
standards related to manufacturing sizes and tolerances. The American Society of Testing 
Materials (ASTM) standard for resin from which the pipe is made is ASTM D 3350-05, 
Standard Specification for Polyethylene Plastics Pipe and Fittings Materials. This standard 
defines the physical properties of the resin that the pipe is made from. 


Pipe dimensions and manufacturing requirements: 
ASTM F 714-05 Standard Specification for Polyethylene (PE) Pipe (SDR-PR) Based on 


Outside Diameter. This standard is used for most large diameter HDPE pipe (4" to 63") 
applications other than gas pipe. 


ASTM D 2513-05 Standard Specification for Thermoplastic Gas Pressure Pipe, Tubing and 
Fittings. Polyethylene pipe and other plastic for natural gas distribution are described in 
great detail in this standard. 


ASTM D 3035-03a Standard Specification for Polyethylene (PE) Plastic Pipe (DR-PR) 
Based on Controlled Outside Diameter. Most HDPE water tubing (4 inch to 3") is made to 
the dimensions in this standard. While pipe sizes up to 24" are provided, very little large 
diameter pipe is made to this standard. 


HDPE Pipe 


Installation Standards: 

ASTM D 2321-05 Standard Practice for Underground Installation of Thermoplastic Pipe for 
Sewers and Other Gravity Flow Applications 

ASTM D 2774-04 Standard Practice for Underground Installation of Thermoplastic Pressure 
Piping 
ASTM F 1962 Standard Guide for Use of Maxi-Horizontal Directional Drilling for Placement 
of Polyethylene Pipe or Conduit under Obstacles, Including River Crossings 


ASTM F 585-94 Standard Practice for Insertion of Flexible Polyethylene Pipe into Existing 
Sewers 


American Water Works Association Standards 


ANSI/AWWA C 901-2005 Polyethylene Pressure Pipe and Tubing, .5 in (13 mm) Through 3 
in. (76 mm) for Water Services 


ANSI/AWWA C 906-2006 Polyethylene Pipe and Fittings, 4 in (100 mm) Through 63 In 
(1,575 mm) for Water Distribution 

Pipe Joining Standards: 

ASTM F 2620 — Standard Practice for Heat Fusion of Polyethylene Pipe and Fittings 
ASTM D 2657 — Standard Practice of Heat Fusion Joining of Polyolefin Pipe and Fittings 
ASTM F 1290 — Standard Practice for Electrofusion Joining Polyolefin Pipe and Fittings 


Fitting Standards 


ASTM D 3261 Standard Specification for Butt Heat Fusion Polyethylene (PE) Plastic 
Fittings for Butt Fusion Polyethylene (PE) Plastic Fittings for Polyethylene (PE) Plastic Pipe 
and Tubing 


ASTM F 1055 Standard Specification for Electrofusion Fittings for Outside Diameter 
Controlled Polyethylene Pipe and Tubing 
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Specifications for HDPE Pipe 


The physical properties of high-density polyethylene pipe are described using ASTM D 3350- 
05, “Standard Specification for Polyethylene Plastic Pipe and Fittings Materials”. Recently 
this standard was changed. The two key areas changed are, density and slow crack growth. 
In the 05 version, the cell classifications for density were increased from four cells to seven 
cells defining the density ranges for various resins. 


New high performance bimodal resins, PE 4710 resins, have higher PENT test values. Slow 
crack grow properties can now be defined using eight cells. 


Currently, most HDPE pipe is made from resin with a cell classification of PE 345464C. The 
pipe is labeled as PE3408/3608. The physical properties for PE 345464C are: 


PROPERTY VALUE SPECIFICATION UNIT NOMINAL VALUE 
Material Designation PPI / ASTM PE 3408/3608 
Cell Classification ASTM D 3350 345464C 
Density (3) ASTM D 1505 g/cm3 0.941-943 
Melt Index (4) ASTMD 1288 gm/ 10 min 0.05 -.11 
Flexural Modulus (5) ASTM D 790 psi 110,000 to 140,000 
Tensile Strength (4) ASTM D 638 psi 3,200 
Slow Crack Growth 
ESCR ASTM D 1698 hours in 100% igepal >5,000 
PENT (6) ASTM F 1473 hours >100 
HDB @73degF (4) ASTM D 2837 psi 1,600 
UV Stabilizer (C) ASTM D 1608 %C 2 to 2.5% 


The density provided is without carbon black. Typical HDPE pipe has a density of .955 to .957 with carbon black. 


Types of Polyethylene Pipe 


All polyethylene (PE) is not the same. In ASTM D 3350-05, low density PE is defined as 
having a density range of 0.919 to 0.925 g/cc; medium density has a range of 0.926 to 0.940 
g/cc and high density is defined with a range from 0.941 to 0.955. All densities are without 
carbon black. 


Density influences key properties in polyethylene materials. As the density increases, the 
tensile strength increases; also chemical resistance increases. 


Medium density PE resins have been used for gas distribution. This original selection was 
made based on superior slow crack growth properties of medium density resins. Medium 
density pipe is designated as PE 2406 and PE 2708. 


Today new bimodal resins are being used in gas distribution because of higher pressure 
ratings plus superior slow crack growth. These resins are designated PE 3408, PE 3608, PE 
3708, PE 3710 and PE 4710. 
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Slow Crack Growth 


The Pent test is used to determine stress crack resistance for PE resins. The PENT test is 
conducted in accordance with ASTM F 1473, “Standard Test Method for Notch Tensile Test 
to Measure the Resistance to Slow Crack Growth of Polyethylene Pipes and Resins”. This test 
uses a Solid sample of material which is notched and tested. 


The PENT test is a good test of slow crack growth. Scratches and gouges can cause crack 
propagation. Materials with high PENT numbers are less likely to fail because of slow crack 
growth. 


Traditional PE 3408/3608 resins have PENT test values of about 100 hours. New bimodal 
resins used to make PE 3710 and PE 4710 pipes have values ranging from 600 hours to 
several thousand hours. 


Physical Properties of PE 4710 


HDPE pipe with a designation of PE 4710 is made from resin with a cell classification of 
PE 445474C or PE 445574C. We suggest using a specification calling for a minimum cell 
classification of PE 445474 C or higher. Both cell classifications can be used if specified 
in this way. The pipe is labeled as PE 4710. The physical properties for PE 445474C are 
provided below: 


PROPERTY VALUE SPECIFICATION UNIT NOMINAL VALUE 
Material Designation PPI / ASTM PE 4710 
Cell Classification ASTM D 3350 445474 C 
Density (4) ASTM D 1505 g/cm3 0.947-955 
Melt Index (4) ASTM D 1238 gm/ 10 min <.15 
Flexural Modulus (5) ASTM D 790 psi 110,000 to 160,000 
Tensile Strength (5) ASTM D 638 psi 3500-4000 
Slow Crack Growth 
ESCR ASTM D 16938 hours in 100% igepal  >5,000 
PENT (7) ASTM F 1473 hours >500 
HDB @73degF (4) ASTM D 2837 psi 1,600 
UV Stabilizer (C) ASTM D 1603 %C 2 to 2.5 % 


The density provided is without carbon black. Typical PE 4710 HDPE pipe has a density of 0.956 to 0.964 with carbon black. 


To be called a PE 4710, the pipe and resin has substantiation at 50 years. 
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PE 3608/3408 IPS HDPE Pipe Sizes 


peer 3/4" 1" 11/4" 11/2" Q" 3" 4" 5" 5" 6" 7" 8" 10" 12" 


Size 


Pressure Rating 
a | 1.315" | 1.66" 1.90" | 2.375" | 3.50" | 4.50" 8.625" | 10.75" | 12.75" 
0.150" | 0.188" | 0.237" | 0.271" | 0.339" | 0.500" | 0.643" | 0.768" | 0.795" | 0.946" pone fee 1.536" | 1.821" 


DR7 Average " 
( 267psi ) | 0.732 


% Pt | 0.190 


HDPE Pipe 


DR 7.3 


(254psi ) D. . " 1 6.120" 
3 12.060 
"| 0.958" 


DR9 i 
(200psi ) 5 
We 


e Items highlighted in 
Blue indicates standard 
stocking items that are 
more readily available. 


15.680 | 22.070 


e Pressures are based (Tedps 
on using water at 23°C 
(73°F). 


(128psi ) 


e Average inside diameter 
calculated using nomi- 
nal OD and minimum 
wall plus 6% for use in 
estimating fluid flows. 
Actual ID will vary. 


MY T2710" 
7.030 
Cope) : | 4.802" | : 
ight 


6.164 
| 0507" 


e Service factors should PR, 
be utilized to compen- 
sate for the effect of liq- 
uids other than water, ne 
and for other ee — 
temperaturs ka 
e Other piping sizes or aan to 
(80psi ) 1D. i 832) i .95 E . i 463 


DR’s may be available 
upon request. 


e Standard Lengths: 
40° for 2”-24”/ 
50’ for 26” and larger/ 
Coils available for 3/4”- 
6”(8” by special order). 


Weight : d 93 : , i 10.134 
0.490" 


DR 2 ” 
(eps) 4. 93 : .085 11.710 


Ci ps) | | |r 10,049 11218" 
(51 psi ) 
4.750 | 6.671 
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PE 4710 IPS HDPE Pipe Sizes 


Ngunel 1" 14" | 11/2" a" a" 4" 5" 6" 8" 10" 12" 
Pressure Rating 
Actual. | 1.32" | 1.660" | 1.90" | 2.38" | 3.500" | 4.50" | 5.563" | 6.625" | 8.625" | 10.750" | 12.75" 
Min. wall | 0.188" | 0.237" | 0.271" | 0.339" | 0.500" | 0.643" | 0.795" | 0.946" | 1.232" | 1.536" | 1.821" 
(2Bepai ) avpee | 0.917" | 1.157" | 1.325" | 1.656" | 2.440" | 3.137" | 3.878" | 4.619" | 6.013" | 7.494" | 8.889" 
Weight ttvif} 0.291 | 0.463 | 0.607 | 0.950 | 2.060 | 3.402 | 5.200 | 7.374 | 12.498 | 19.416 | 27.312 
Min. wall | 0.180" | 0.227" | 0.260" | 0.325" | 0.479" | 0.616" | 0.762" | 0.908" | 1.182" | 1.473" | 1.747" 
(Bobpa ) avpee | 0.933" | 1.178" | 1.348" | 1.685" | 2.484" | 3.193" | 3.947" | 4.701" | 6.120" | 7.628" | 9.047" 
Weight tb} 0.281 | 0.450 | 0.590 | 0.920 | 1.990 | 3.290 | 5.022 | 7.130 | 12.070 | 18.750 | 26.380 
Min. wall | 0.146" | 0.184" | 0.211" | 0.264" | 0.389" | 0.500" | 0.618" | 0.736" | 0.958" | 1.194" | 1.417" 
(Bist) avpee | 1.005" | 1.269" | 1.452" | 1.816" | 2.676" | 3.440" | 4.253" | 5.064" | 6.593" | 8.218" | 9.747" 
Weight tbvit} 0.235 | 0.374 | 0.490 | 0.770 | 1.664 | 2.751 | 4.204 | 5.963 | 10.110 | 15.700 | 22.085 
Min. wall | 0.120" | 0.151" | 0.173" | 0.216" | 0.318" | 0.409" | 0.506" | 0.602" | 0.784" | 0.977" | 1.159" 
(Dodpst ) avpee | 1.062" | 1.340" | 1.534" | 1.917" | 2.825" | 3.633" | 4.491" | 5.348" | 6.963" | 8.678" | 10.293" 
Weight tit} 0.200 | 0.314 | O411 | 0.642 | 1.395 | 2310 | 3.523 | 5.000 | 8470 | 13.160 | 18.510 
Min, wall = oe _ 0.176" | 0.259" | 0.333" | 0.412" | 0.491" | 0.639" | 0.796" | 0.944" 
CR) Avermee _ — _ 2.002" | 2.950" | 3.793" | 4.689" | 5.585" | 7.271" | 9.062" | 10.748" 
Weight tor} —-- = _ 0.534 | 1.160 | 1.920 | 2.928 | 4.152 | 7.040 | 10.932 | 15.380 
Min, wall | —-- ae _ 0.153" | 0.226" | 0.290" | 0.359" | 0.427" | 0.556" | 0.694" | 0.823" 
Cops) Avermee _ — _ 2.050" | 3.021" | 3.885" | 4.802" | 5.719" | 7.445" | 9.280" | 11.006" 
Weight tbr} —-- — _ 0.470 | 1.020 | 1.687 | 2.580 | 3.656 | 6.197 | 9.626 | 13.530 
Min, wall = = _ 0.140" | 0.206" | 0.265" | 0.327" | 0.390" | 0.507" | 0.632" | 0.750" 
(Tabpa ) Average _ — 2.079" | 3.064" | 3.939" | 4.869" | 5.799" | 7.549" | 9.409" | 11.160" 
Weight tot} --- — 0.431 | 0.940 | 1.550 | 2.360 | 3.360 | 5.690 | 8.834 | 12.430 
Min, wall - ee “ “ _ 0.214" | 0.265" | 0.315" | 0.411" | 0.512" | 0.607" 
GR Average des ee = wee = 4.046" | 5.001" | 5.956" | 7.754" | 9.665" | 11.463" 
Weight tbr} —-- ee ae “ _ 1.270 | 1.940 | 2.750 | 4.662 | 7.242 | 10.190 
Min, wall = = = - _ 0.173" | 0.214" | 0.255" | 0.332" | 0.413" | 0.490" 
(BRS, Average aes sie es - — 4.133" | 5.109" | 6.085" | 7.922" | 9.873" | 11.710" 
Weight tot} --- — _ “ _ 1.035 | 1.582 | 2.250 | 3.800 | 5.910 | 8.312 
Min, wall - ee “ “ _ 0.138" | 0.171" | 0.204" | 0.265" | 0.331" | 0.392" 
DR 325 Average _ _ = = — 4.206" | 5.200" | 6.193" | 8.062" | 10.049" | 11.918" 
Weight tbr --- ae “ “ _ 0.835 | 1.280 | 1.811 | 3.070 | 4.770 | 6.710 
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e Items highlighted in 
Blue indicates standard 
stocking items that are 
more readily available. 


e Pressures are based 
on using water at 23°C 
(73°F). 


e Average inside diameter 
calculated using nomi- 
nal OD and minimum 
wall plus 6% for use in 
estimating fluid flows. 
Actual ID will vary. 


e Service factors should 
be utilized to compen- 
sate for the effect of liq- 
uids other than water, 
and for other 
temperaturs 


e Other piping sizes or 
DR’s may be available 
upon request. 


e Standard Lengths: 
40’ for 2”-24”/ 
50’ for 26” and larger/ 
Coils available for 3/4”- 
6”(8” by special order). 
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PE 3408 IPS HDPE Coil Pipe 


Pressure Part # Coil 


IPS 
HDPE 
Coil Pipe 


Nominal 
Size (in) 
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PE 3408 IPS HDPE Unicoil Pipe 


IPS 
HDPE 
Uncoil 

Pipe 


e Items highlighted in 
Blue indicates standard 
stocking items that are 
more readily available. 


Custom sizes are available. Call for price and availability. 


1-800-345-ISCO 
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Circuit Maker Geothermal Vaults 


(@iicevelim rel cale 


(@f=Yo)iarsvaaarel 
Vaults 


ISCO fabricates custom HDPE vaults for your spe- 

cific geothermal needs. HDPE vaults are strong, 

leak-free structures that keep your valve 
system and other equipment clean and safe 


for years to come. 


ISCO Circuit Maker Geothermal Vaults 
feature: 
¢ Butt-fused Circuitry 
¢ 100% Leak-Free Polyethlene Structure 
e H-20 (Highway Traffic) Load Rating 
Available 
¢ OSHA-Approved Access Ladder 
¢ Custom Fabrication to your specifications 
¢ Extrusion Welding 
¢ Pressure Temperature (P/T) Ports on all outlets 
¢ Choice of Metal or Polyethylene Valves 
¢ Quick Pressure test of individual circuits 
e Easy purging and isolation of circuits 


¢ Plastic Cap Retainers 


1-800-345-ISCO 
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Circuit Maker 
Gerothermal 
Vaults 
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Grouting Materials 
GeoPro Bentonite Based Grout 


(Ciceleiaiare 
IW Felkelatelis 


Geo-Pro grout is a thermally enhanced two-part grout engineered for closed loop vertical loop systems. 
Grouting your borehole increases your thermal conductivity and insures protection for your local 
potable water source as well as increase your hydraulic performance. Geo-Pro grout is certified by the 
National Sanitation Foundation International to ANSI/NSF Standard 60, Drinking Water Treatment 
Chemicals - Health Effects. Geo-Pro grout contains no harmful chemical polymers or organic matter to 
decay to insure environmental compliance with state regulations. 


Our grout is packaged in 50 lbs. multi-wall polylined paper bags and is shipped, shrink-wrapped on 
wooden pallets. Each full pallet contains 54 bags. 


Thermal Grout Select: 
Thermal Conductivity (TC) Range 1.00 - 1.20 BTU/hr ft F 
Permeability < 6.9 x 108 cm/sec 
Unit Yield Range (based on TC) 32.0 - 42.2 gal/unit 
Thermal Grout Lite: 
Thermal Conductivity (TC) Range 0.45 - 1.00 BTU/hr ft F 
Permeability < 6.9 x 108 cm/sec 
Unit Yield Range (based on TC) 17.0 - 32.6 gal/unit 
BH 20 Grout: 
Thermal Conductivity (TC) Range 0.40 BTU/hr ft F 
Permeability <1x10! cm/sec 
Unit Yield Range (based on TC) 26.8 gal/unit 


For information regarding thermal performance testing per engineered specifications, please 
contact ISCO’s Geothermal Division at 800-345-ISCO (4726). 


1-800-345-ISCO 


Www.iSco-plpe.com 
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Custom Fabrication 


ISCO Industries custom fabricates commercial headers for vaults, mechanical rooms and interior 
take-offs. Headers can be made with mains and circuits of nearly any size and configuration for various 
applications. Reducers, flange connections, butterfly valves, ball valves, purge ports, p/t ports, and p/t 
gauges are just a few of the components that can be designed into a custom header system. Let our 
expert designers and fabricators create a header system to meet your specific needs. Call for a header 
quote toll free (800) 345-ISCO, or for more information. 


Custom 
Fabrication 


1-800-345-ISCO 


www.isco-pipe.com 
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IPS Fittings Molded 90° Ell — Butt Fusion 


Nae 
HDPE 
miaijarels 


IPS Fittings Molded 90° Ell 


Nominal Pipe DR _ Pressure Part # Dimensions Weight Shipping 
Size(in) OD(in) Rating H(in) FC (in) W (in) Lbs. Method 


1.05 160 50001110 
1.315 160 50011126 
1.66 160 50011120 
1.9 160 50011114 
2.375 200 50020916 
160 50021117 
3.5 200 50030915 
160 50031114 
4.5 200 50040915 
160 50041121 
200 50060916 
160 50061124 
160 50081123 
160 50101113 
160 50121114 7.5 15.88 22.555 


1-800-345-ISCO 


Www.iSco-plpe.com 
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IPS Fittings Molded 45°Ell — Butt Fusion 


IPS Fittings 
Butt Fusion 


IPS Fittings Molded 45°EIL 


Nominal Pipe DR _ Pressure Part # Dimensions Weight Shipping 
Size(in) OD(in) Rating H (in) FC (in) W (in) Lbs. Method 


1 1.315 160 50011125 

1-1/4 1.66 160 50011131 

1-1/2 19 160 50011182 

2.375 160 50021116 

3.5 200 50030914 

160 500311138 

4.5 200 50040914 

160 50041120 

6.625 200 50060915 

160 50061123 

8.625 160 50081122 

10 10.75 160 50101112 
12 12.75 160 50121113 7.5 15.75 


1-800-345-ISCO 
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IPS Fittings Molded Tees — Butt Fusion 


IPS Fittings 
Butt Fusion 


IPS Fittings Molded Tees 


Nominal Pipe DR_ Pressure Part # Dimensions Weight Shipping 


Size(in) OD(in) Rating L(in) H (in) FC (in) B (in) Lbs. Method 


1.315 160 50011128 y : k : 0.17 
1.66 160 50011122 d : : : 0.3 
1.9 160 50011116 : ; 3 0.47 
2.375 200 50020919 
160 50021119 
3.5 200 50030917 
160 50031116 
4.5 200 50040918 
160 50041123 
6.625 200 50060918 : 
160 50061126 45 
8.625 160 50081125 : 5.85 
10 10.75 160 50101118 6.15 
12 12.75 160 50121118 : 7.5 


1-800-345-ISCO 
ATS 
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IPS Fittings Reducing Tee — Butt Fusion =i 


IPS Fittings Reducing Tee 


Nominal Pipe DR Pressure Part # Dimensions Weight Shipping 
Size(in) OD(in) Rating L (in) H (in) FC (in) B (in) Lbs. Method 


3.5 X 2.375 160 40031117 6,125 7.25 5.5 5 FedEx 
4.5 x 2.375 160 40041126 6.125 7.7) 5.5 6 FedEx 
45x35 160 40041127 9.5 6.5 4.25 FedEx 
6.625 x 2.375 160 400611238 6.125 8.75 5.4875 FedEx 
6.625 x 3.5 160 40061125 9.5 7.5 4.1875 FedEx 
6.625 x 4.5 160 40061126 9 9.25 5.9375 FedEx 
8.625 x 2.375 160 40081131 6.125 9.75 5.4375 FedEx 
8.625 x 3.5 160 40081132 9.5 8.625 4.3125 FedEx 
8.625 x 4.5 160 40081134 9 10.25 5.9375 FedEx 
8.625 x 6.625 160 40081137 9.8125 12.25 7.9375 FedEx 
10.75 x 2.375 160 40101133 6,125 10.875 5.5 FedEx 
10.75 x 3.5 160 40101134 9.5 9.625 FedEx 
10.75 x 4.5 160 40101135 9 11.375 FedEx 
10.75 x 6.625 160 40101138 9.8125 13.375 FedEx 
10.75 x 8.625 160 40101141 9.875 13.625 . FedEx 
12.75 x 2.375 160 40121142 6,125 11.875 . FedEx 
12.75 x 3.5 160 40121148 9.5 10.625 . FedEx 
12.75 x 4.5 160 40121144 9 12.375 FedEx 
12.75 x 6.625 160 40121146 9.8125 14.375 LTL 

12.75 x 8.625 160 40121151 9.875 14.625 : LTL 

12.75 x 10.75 160 40121141 8.75 12.875 . LTL 


IPS Fittings 
Butt Fusion 


1-800-345-ISCO 
Ry 
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Reducing Tees 


ButtXButtXPipe Thread Adapter — Butt Fusion 


Size 


1.25" x 1.25" x 0.50" FPT 


Size 


1.25" x 1.25" x 0.75" MTP 


4.00" x 4.00" x 0.75" MPT 


1.25" x 1.25" x 1.00" MPT 


4.00" x 4.00" x 1.00" MPT 


1.50" x 1.50" 0.50" FPT 


4.00" x 4.00" x 1.25" MPT 


1.50" x 1.50" 0.75" MPT 


4.00" x 4.00" x 1.50" MPT 


1.50" x 1.50" 1.00" MPT 


4.00" x 4.00" x 2.00" MPT 


2.00" x 2.00" x 0.50" FPT 


6.00" x 6.00" x 0.50" FPT 


2.00" x 2.00" x 0.75" MPT 


6.00" x 6.00" x 0.75" MPT 


2.00" x 2.00" x 1.00" MPT 


6.00" x 6.00" x 1.00" MPT 


2.00" x 2.00" x 1.25" MPT 


6.00" x 6.00" x 1.25" MPT 


3.00" x 3.00" x 0.50" FPT 


6.00" x 6.00" x 1.50" MPT 


3.00" x 3.00" x 0.75" MPT 


6.00" x 6.00" x 2.00" MPT 


3.00" x 3.00" x 1.00" MPT 


8.00" x 8.00" x 0.50" FPT 


3.00" x 3.00" x 1.25" MPT 


8.00" x 8.00" x 0.75" MPT 


3.00" x 3.00" x 1.50" MPT 


8.00" x 8.00" x 1.00" MPT 


3.00" x 3.00" x 2.00" MPT 


8.00" x 8.00" x 1.25" MPT 


4.00" x 4.00" x 0.50" FPT 


8.00" x 8.00" x 1.50" MPT 


8.00" x 8.00" x 2.00" MPT 
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IPS Fittings Concentric Reducer — Butt Fusion 


IPS Fittings Concentric Reducer 


IPS Fittings 
Butt Fusion 


Nominal Pipe DR Pressure Part # Dimensions Weight Shipping 
Size(in) OD(in) Rating L (in) B (in) C (in) ~=Lbs. Method 


1x 3/4 1.315 x 1.05 200 50010917 ‘ 15 : 0.1 FedEx 
160 50011180 
1-1/4x1 1.66 x 1.315 160 50011110 
1-1/2x3/4 19x 1.05 200 50010912 
160 50011118 
1-1/2x1 1.9x 1.315 200 50010911 
160 50011117 
1-1/2x 1-1/4 19x 1.66 160 50011133 
2.375 X 1.05 160 50021129 
2.375 x 1.315 160 50021125 
2.375 X 1.66 160 50021123 
2.375 x 1.9 200 50020921 
160 50021122 
3.5 X 2.375 200 50030717 
160 50031122 
4.5 x 2.375 160 50041129 
4.5x3.5 200 50040923 
160 50041132 
5.563 x 4.5 160 50051111 
6.625 x 3.5 160 50061132 
6.625 x 4.5 200 50060923 
160 50061136 
6.625 x 5.563 160 50061137 
8.625 x 6.625 200 50080918 
160 50081138 
10x8 10.75 x 8.625 200 40100911 
160 40101139 
12 x8 12.75 x 8.625 160 40121149 
12x 10 12.75 x 10.75 200 40120910 
160 40121140 


1-800-345-ISCO 
AR ry 
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IPS Fittings Cap — Butt Fusion 


IPS Fittings 
Butt Fusion 


IPS Fittings Cap 


Nominal Pipe DR _ Pressure Part # Dimensions Weight Shipping 


Size(in) OD(in) Rating L (in) Lbs Method 


1.05 160 50001111 2.375 ’ FedEx 
1.315 160 50001127 2.375 ; FedEx 
1.66 160 50011121 2.25 : FedEx 
19 160 50011115 2.83 ; FedEx 
2.375 200 50020917 

160 50021118 

200 50030913 

160 50031115 

200 50040916 

160 50041122 

200 50060932 

160 50061125 

160 50081124 

160 50101118 

160 50121115 


1-800-345-ISCO 
: : 
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IPS Male Threaded Transition Fitting 


IPS Fittings 
Butt Fusion 


IPS Male Threaded Transition Fitting 


Nominal Pipe Material Dimensions Weight Shipping 
Size (in) OD (in) L Gin) H (in) Lbs. Method 


3/4 1.05 Steel 53001115 2.4 . FedEx 
Stainless Steel 53001117 i 
Brass 53001113 
1.315 Steel 53001120 
Stainless Steel 53001119 
Brass 53001117 
1.66 Steel 53001122 
Stainless Steel 53001137 
Brass 53001124 
1.9 Steel 53001114 
Stainless Steel 53001136 
Brass 53011128 
Steel 53021122 
Stainless Steel 53021123 
Brass 53021126 
Steel 53031117 
Stainless Steel 53031121 
Brass 53031120 
Steel 53041127 
Stainless Steel 53041126 
Steel 53061123 
Stainless Steel 53061124 
Steel 53081121 
Stainless Steel 53081127 
Steel 53101121 
Stainless Steel 53101138 
Steel 53121137 
Stainless Steel 53121139 


**Female Transitions available through 8” in same materials as male counterparts. 


1-800-345-ISCO 
sy 
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IPS Fittings Flange Adapter — Butt Fusion 


ry 


IPS Fittings Flange Adapter 


Nominal Pipe DR Dimensions Weight Shipping 
Size(in) OD(in) Din) T(in) L(in) Lbs. Method 


3/4” 1.05 2 0.2 4 0.1 FedEx 
iy 1.315 2.375 0.21 - 0.24 4 FedEx 
1-1/4” 1.66 2.75 0,25 FedEx 
1-1/2” 1.9 3.125 0.29 - 0.3 FedEx 
2” 2.375 3.75-4.0 0.39-0.44 5.5-6 FedEx 
0.39-0.44 5.5-6 i 
0.3-0.55 5.5 - 6.125 
0.3-0.55 5.5 - 6.125 
-5 0.6 - 0.63 6 
0.6 - 0.63 6 
0.4-0.67  6- 6.125 
0.4-0.67 6 - 6.125 
- 6.625 0.54 - 0.8 6 
7 0.54 - 0.8 6 
0.5-0.8  6- 7.125 
0.5-0.8 6-7.125 
0.75 6 
8.125 - 8.625 11-114 8- 8.125 
11-114 8-8.125 
0.7-1.02 8-8.07 
0.7-1.02 8-8.07 
0.7-1 
1 
1 
10.6-10.75 14-15 
1.18 - 1.47 
0.8 - 1.26 
0.9 - 1.02 
0.9-1 11 
0.9-1 1 
1 ll 
-138) 128-2 8.75 - 
128-2 8.75 - 
1.1-1.38 9.02 - 
0.9-1.28 9.02 - 
1.1-1.28  11.0- 
1.25-1.28 11.0- 
1.25-1.28 11.0- 
- 15.75 1.54-2.3 9,125 - 
: 1.54-2.3 9,125 - 
1.3-1.54 10.79 - 
1-154 = 10.79 - 
13-15  110- 
13-15 11.0- 
1.5 ll 


4-6 
4-6 
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IPS Fittings Back Up Rings (For use with the Flange Adapter) 


IPS Fittings 
Butt Fusion 


IPS Fittings Back Up Ring 


Nominal Pipe Material Dimensions Pressure Weight Shipping 
Size(in) OD(in) i TCin) Bolts (#) BH(in) BC(in) Rating Lbs. Method 


ay 1.05” Ductile Iron ; 0.5 -0.53 4 625 215 267 FedEx 
I" 1315 Ductile Iron . 0.53 - 0.56 4 625 3.125 267 FedEx 


Stainless Steel 056 267 
11/4" 166 Ductile Iron 4 0.63 4 625 35 267 FedEx 
112 19 Ductile Iron 0.69 625 3.85 267 FedEx 
Stainless Steel 0.09 267 
a 2375 — Ductile Iron 05,0. 5 415 160, 267 : FedEx 
PP Coated DI : 0.71 128, 275 
Stainless Steel 04,0. 160, 267 
Ductile Iron H 0,53, 0. ; 160, 267 5, 4 FedEx 
PP Coated DI f 0.71, 0. 128, 275 
Stainless Steel A 04,0. 128, 267 
Ductile Iron 01.55, 04 } d 160, 267 5, FedEx 
PP Coated DI F 0.71, 0 128, 275 
Stainless Steel 5-0. 128, 267 
Ductile Iron 6: } E 160, 267 5,1 FedEx 
PP Coated DI fl 79, 1. 128, 275 
Stainless Steel } 128, 267 
Ductile Iron H 85, 1. } 160, 267 FedEx 
PP Coated DI H ne 128,275 75, 116 
Stainless Steel H 7-1, 128,267 9,8 
Ductile Iron 98, 1, 160, 267 12,16 FedEx 
PP Coated DI i 1.22, 1.52 128,275 = 105, 16 
Stainless Stee! 0.9, 1.19 128,267 12,18 
Ductile Iron 125-15 160-267 = 20,25 
PP Coated DI i 1.61, 2.01 128,275 17.5, 28.2 
Stainless Steel 105-177 128-267 21-37 


1-800-345-ISCO 
gy : ; 
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Blind Flange 


Blind Flange 


Nominal Material Part # 
Size(in) 


49000010 
49000022 


Dimensions Weight Shipping 
OD (in)T(in)Bolts(#)BH(in)BC(in) Lbs. Method 


0.625 2.75 


49010010 
49010013 


3.125 


“ 


49010011 
49010014 


49010012 
49010015 
53010075 


49020013 
49020017 
53020029 


49030012 
49030013 
53030025 


49040012 
49040013 
53040030 


49060012 
49060013 
53060044 


49080012 
49080014 
53080053 


49100010 
49110011 
53100035 


49120011 
49120012 
53120033 


* HDPE and PVC Blinds are not rated for full pressure above 6”. 
* Steel Blinds may not be fully pressure rated above 10” depending on pipe (system) DR. 


* MPT outlet available on request. 
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IPS Branch Saddle 


Outlet 


IPS Fittings 


IPS Branch Saddle 


Nominal 
Outlet Outlet Pressure Part # Dimensions Weight Shipping 
Size(in) OD(in) DR Rating L(in) Base OD (in) Lbs. Method 


11 160 Varies* 2.5 ; FedEx 
11 160 Varies* 3.13 f FedEx 
11 160 Varies* 3.13 ; FedEx 
11 160 Varies* 4.38 : FedEx 
11 160 Varies* 5.5 FedEx 
11 160 Varies* 6 : FedEx 
ll 160 Varies* 7.5 f FedEx 


* Any size main available, but must be larger than outlet size. Consideration must be given that heater plate and 
fusion unit are available for rent. 


** Hole saws for field cutting coupons are available for purchase. See Page 49 in the fusion equipment accessory 
tooling section. 


1-800-345-ISCO 
Arey 


www.isco-pipe.com 
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Valve Spacers 


IPS Fittings 


Valve Spacers 


Nominal Pressure Dimensions Weight Shipping 
Size(in) Rating OD Gin) ID (in) T(in) Lbs. Method 


160 49021110 3.5 2.8 0.25 FedEx 
160 49031112 48 3.6 0.5 FedEx 
160 49041112 6.625 5.15 1 FedEx 
160 49061112 8.625 6.625 2 FedEx 
160 49081112 10.75 8.625 2.5 FedEx 
160 49101111 13.0 10.75 4 FedEx 
160 49121111 15.25 12.45 5 FedEx 


1-800-345-ISCO 
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IPS Fittings 


1-800-345-ISCO 
QR 
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Socket Cap 


IPS 
HDPE 


reYolel colt 

mindiales 
Nominal Size | Pressure Part # Dimensions Weight | Shipping 

(in) Rating G(in) E (in) Lbs. Method 

3/4" 160 52000013 1.42 1.44 0.04 FedEx 
1" 160 52010014 1.60 1.80 0.06 FedEx 
11" 160 52010028 2.06 2.28 0.18 FedEx 
11/2" 160 52010044 2.40 2.67 0.23 FedEx 
2" 160 52020014 2.58 3.32 0.37 FedEx 
90 Degree Socket Elbow 


Nominal Size | Pressure Part # Dimensions Shipping 
(in) Rating G(in) E (in) 5 Method 
3/4" 160 52000011 1.66 1.46 F FedEx 
1" 160 52010010 1.64 1.78 0.14 FedEx 
11/4" 160 52010024 2.09 2.36 0.35 FedEx 
11/2" 160 52010043 2.41 2.65 0.46 FedEx 
2" 160 52020011 3.00 3.33 0.9 FedEx 


1-800-345-ISCO 
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Socket Tees 


‘ 
E 
! 
H ~ 
Nominal | Pressure Part # Dimensions Weight | Shipping 
Size (in) Rating H(in) E (in) Lbs. Method 
3/4" 160 52000015 | 3.38 1.46 13 FedEx 
I" 160 52010020 | 3.75 1.80 25 FedEx 
11/4" 160 | 52010034 | 4.25 | 2.30 48 FedEx | p S 
11/2" 160 52010042 | 4.75 2.65 .67 FedEx 
2" 160 52020081 | 6.00 3.30 1.15 FedEx H D PE 
Socket 
Fittings 


90 Degree Reducing Socket Elbow 


Nominal Pressure Punta Shipping 

Size (in) Rating Method 
1"x3/4" 160 52010019 FedEx 
1 1/"x3/4" 160 52010061 FedEx 
11/4"x1" 160 52010062 FedEx 
2"x 1 1/4" 160 52020020 FedEx 


1-800-345-ISCO 
Srey 
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Socket Reducing Tees 
Nominal Size (in) . : ‘ ; F Shipping 
Pressure Rating Dimensions L (in) | Weight Lbs. 


1 1/4" x 3/4" x 3/4" 52010038 5.94 FedEx 


11/4"x1"x1" 52010032 5.94 FedEx 
1 


oO 


IPS 
HDPE 

Socket 
Fittings 


"x 
52010052 5.94 


52020033 5.94 


tw] co 


11/2" x 3/4" x 3/4" 
11/2"x1"x1" 


11/2"x11/4"x 3/4" 
11/2"x11/4"x1" 
11/2"x1 1/4"x1 1/4" 
11/2"x11/2"x 3/4" 
11/2"x11/2"x1" 
11/2"x11/2"x 11/4" 
Q"e1"x1" 


2” x 2" x 3/4” 
2” x2" x1” 
2”x 2" x1 1/4” 
2” x2" x1 1/2” 


FedEx 
FedEx 
FedEx 
FedEx 
FedEx 
FedEx 
FedEx 
FedEx 
FedEx 
FedEx 
FedEx 
FedEx 
FedEx 
FedEx 
FedEx 
FedEx 
FedEx 
FedEx 


16 
6 
16 
16 
16 


oO 
a 


aprys a afafpaprayrayeyTSelatsc 
io | bo a S/S] sf so] nw io io 


160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 

0 

0 

0 

0 

0 
160 
160 
160 
160 


1-800-345-ISCO 
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Socket Male Pipe Thread Adaptor 


Nominal Pressure Part # Shipping 
Size (in) Rating Method 


yan mer [160 | 200007 
[160 


160 

3/4" x 1" MPT 160 
160 
160 


11/4"x 1" MPT | 160 | 52010012 | FedEx 
114'x11/4"MPT | 160 | 52010026 | FedEx 


IPS 
HDPE 


Socket 
Fittings 


2" x 11/4" MPT 52020036 
a MPT 20200 


45 Degree Socket Elbow 


Nominal Pressure Part # Dimensions Weight Shipping 
Size (in) Rating A(in) B(in) C (in) Lbs. Method 


1-800-345-ISCO 
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Socket Saddle Rectangular Base 


\ i 


Size (in) Rating H(in) A(in) L(in) W (in) Lbs. Method 
238 09 | Fed 


IPS 
HDPE 


Socket 
ittings 228 00 | Fed 


1-800-345-ISCO 
I 
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Socket Coupling 


Size (in) Rating G (in) E (in) Lbs. Method 


IPS 

HDPE 
Socket 
Fittings 


Socket Reducing Coupling 


f 
, t 
Dp) - | 01 
1 
! 
be 


a - 


Size (in) Rating L(in) D(in) Dl (in) Lbs. Method 


1-800-345-ISCO 
ry 
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CERTIFICATION 
TEST, ADJUST, AND BALANCE REPORT 
Project: _MCLB Albany Geothermal Heat Pumps with USTES Buidling 3700 


Declaration: 

THE DATA PRESENTED IN THIS REPORT IS A RECORD OF SYSTEM MEASUREMENTS AND FINAL 
ADJUSTMENTS THAT HAVE BEEN OBTAINED IN ACCORDANCE WITH THE CURRENT EDITION OF 
THE AABC NATIONAL STANDARDS FOR TOTAL SYSTEM BALANCE. ANY VARIANCES FROM DESIGN 
QUANTITIES, WHICH EXCEED AABC TOLERANCES, ARE NOTED IN THE TEST-ADJUST-BALANCE 
REPORT PROJECT SUMMARY. 


Contractor: Artesian Contracting Company, Inc. 
Engineer: Andrews, Hammock & Powell, Inc. 
Architect: - 


AABC Certified TAB Firm Name: Addison Energy Technologies, LLC 
45 Cannon Road 
Toccoa, GA 30577 


Phone: (706) 244-3950 
Fax: (706) 297-0156 
Certification No. 14-05-91 
Certification Expiration Date: 12/31/2015 
Report Date: November 5, 2015 
AABC Qualified TAB Supervisor Name: Eddie M. Addison 


AABC Qualified TAB Supervisor Signature: ST A ; 
sj 4-7 fis 5 
a ~~ aa cae 


Report prepared by: Annie Lawson 
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MCLB Albany Geothermal Heat Pumps with USTES Buidling 3700 


je ae: 814 Radford Boulevard 


Albany, GA 31704 
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All systems shall be tested and balanced in accordance with the project plans and specifications 


and to the optimum performance capabilities of the equipment. Testing and balancing shall be done 


in accordance with the standards published by the Associated Air Balance Council. 
This Guaranty is valid for one year from the date of submission of a test and balance report, 


provided the Agency is a current member of AABC, and may only be invoked in writing by the building 
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supervisory personnel to assist the member Agency to perform work in accordance with AABC 


Standards. This supervision will be provided at no additional cost to the building owner. 


owner, architect, or engineer of record. The Guaranty is limited to the terms and conditions as stat 


prevents proper balancing of the systems, AABC will investigate and, if warranted, will provide 


Email Address Chammock@ahpengr.com 


Radeese 2 OW Charter Lane, Suite 100 


Macon, GA 31210 
pate 11/5/2015 
By Eddie M. Addison 
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ADDISON ENERGY TECHNOLOGIES, LLC sTy 


INSTRUMENT CALIBRATION REPORT 


CALIBRATION 
INSTRUMENT APPLICATION SERIAL NO. TEST DATE 
Cooper SH66A-E Temperature Meter; w/ Water / Temperature 061011054- 
Probes SH66A-E 6/5/2015 


Dry Bulb / Wet Bulb & 
Relative Humidity Dew 
AAmprobe / Digital Psychrometer Point 100202417 6/5/2015 
Dwyer Digital Water Meter 3/12/2015 
Digital Thermometer 3/11/2015 
PLT-200 Laser Tachometer 1847198 6/4/2015 
N/ 
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W 13043 2/25/2015 
M:407768 

S/N:H175576 2/1/2015 
A01624 1/7/2015 
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ENT 
FL 
FPM 
FT 
GPM 
HP 
HZ 
IMP 
IN 
KW 
LVG 
MANUF 
MAX 
MIN 
N/A 
NA 
NPSH 
O/AT OSA 
P 
PF 
PSI 
QTY 
RLA. 
REQ 
RPM 
SEC 
SF 
SQFT 
SZ 
TEMP 
W.G./WG 
WB 
WC 


ABBREVIATIONS 
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Number 
Percentage 
Delta or Difference 
Degrees Fahrenheit 
Air Pressure Drop 
Brake Horsepower 
Cubic Feet per Hour 
Cubic Feet per Minute 
Coefficient of Velocity 
Dry Bulb 
Diameter 
Differential 
Efficiency 
Entering 
Full Load 
Feet per Minute 
Feet 
Gallons per Minute 
Horsepower 
Hertz 
Impeller 
Inches 
Kilowatts 
Leaving 
Manufacturer 
Maximum 
Minimum 
Not Applicable 
Not Accessible 
Net Positive Suction Head 
Outside Air 
Pressure 
Power Factor 
Pounds per Square Inch 
Quantity 
Running Load Amps 
Required 
Revolutions Per Minute 
Section 
Service Factor 
Square Feet 
Size 
Temperature 
Water Gauge 
Wet Bulb 
Water Column 


ADDISON ENERGY TECHNOLOGIES, LLC RaTY 


PROJECT SUMMARY 


JOB NAME: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 


THE DATA PRESENTED IN THIS REPORT IS A RECORD OF SYSTEM MEASUREMENTS AND FINAL 
ADJUSTMENTS THAT HAVE BEEN OBTAINED IN ACCORDANCE WITH THE CURRENT EDITION OF 
AABC'S NATIONAL STANDARDS FOR TOTAL SYSTEM BALANCE. ANY VARIANCES FROM DESIGN 
QUANTITIES, WHICH EXCEED AABC'S TOLERANCES, ARE NOTED ON THIS PROJECT SUMMARY. 


AHUs: ALL RETURN AIR DAMPERS ARE LOCKED 10% OPEN AND THE OSA DAMPER IN THE UNIT ONLY HAS A TWO 
POSITION ACTUATOR. THERE ARE NO MANUAL DAMPERS IN THE OSA INTAKE. 


PUMP TESTING WAS DONE WITH CONTROLS CONTRACTOR PRESENT. THE SYSTEM HAD TO BE MANIPULATED 

TO OBTAIN FLOW INFORMATION. THERE WAS NO MEANS OF OVERRIDING THE CHILLERS / PUMPS TO OBTAIN 
DESIGN FLOW FOR MORE THAN A FEW MINUTES. CHILLED WATER AND HEATING WATER VALVES WERE OPENED 
100% DURING TESTING. THE CHILLER WAS ON AND OPERATIONAL, CONTROLLING TO A PSI DELTA P DETERMINEL 
BY THE MANUFACTURER. CHILLER MODULES COULD NOT BE MANUALLY OVERRIDDEN. 


CHILLERS AND DC START UP SHEETS ARE INCLUDED IN THE REPORT. 
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AIR MOVING EQUIPMENT TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA UNIT NUMBER: AHU-1A 


[“MOTORDATA | DESIGN | ACTUAL ] 
MANUFACTURER BALDOR 


VOLTAGE 6 458 / 458 / 458 
AMPS 31.00 25.0 / 25.0 / 25.0 
MOTOR RPM 1760 1763 
SF / EFF / PF 1.15/-/- 


PERFORMANCE STARTER HEATER ELEMENTS F 
DATA | DESIGN | ACTUAL FRAME 


TOTAL FAN CFM MOTOR SHEAVE SZ / BORE 2B5V64 x 1 7/8 
TOTAL OUTLET CFM FAN SHEAVE SZ / BORE 2B5V70 x 2 
RETURN CFM # BELTS / SIZE 2 x 5VX560 
OSA CFM FAN RPM 
TOTAL STATIC PRESSURE ; ; CENTER DISTANCE 
EXTERNAL STATIC P 
EYE OF FAN 
SUCTION PRESSURE 


DISCHARGEPRESSURE | = - 


iN 
So 
< 


1601 


[TEMPERATURES F | DESIGN | ACTUAL | 
po = — | 


REMARKS: OSA & RETURN DAMPERS NOT INTERLOCKED. OSA HAS A TWO POSITION DAMPER. RETURN DAMPER IS 
LOCKED OPEN. STATIC PRESSURE SET POINT: 1.10. 


TECHNICIAN: MD/TB TEST DATE: 7/29/2015 
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DUCT TRAVERSE TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 


SYSTEM: AHU-1A SUPPLY DESIGN FPM: 2618 
DUCT SIZE: 65x 18 OVAL DESIGN CFM: 20000 
DUCT AREA: 7.64 ACTUAL CFM: 19963 


| sso | 3061 _| 2200 | aris | 2076 | 2a15_| 2620 | 24a | ara | || 
| sace_ | soo | 27s2 | ate | azs1_| aoa | 2212 | 2360 | 260 | | | 
| 3073 | so20 | 2001 | 26aa_| 1902 | var | toa | 2200 | ose | | | 
| sos7_| sos | 27a | 2603 | 2e4r | 2071 | 2035 | 3207 | soo | | | 


ACTUAL FPM: 2613 INITIAL STATIC PRESSURE: - @ - CFM 
FINAL STATIC PRESSURE: - @ 19963 CFM 


REMARKS: COMP TOTALS: 17972. 


TECHNICIAN: MD/TB TEST DATE: 7/1/2015 
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DUCT TRAVERSE TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 


SYSTEM: AHU-1A RETURN DESIGN FPM: 1147 
DUCT SIZE: 58 x 34 DESIGN CFM: 15700 
DUCT AREA: 13.69 ACTUAL CFM: 18016 


| saz | t50a | siz7 | sass | aso | | | 
| sie | tase | stor | soe | vee | | | 
| 1303 | t2e1_ | ts2e | aso | io | | | 


ACTUAL FPM: 1316 INITIAL STATIC PRESSURE: - @ - CFM 
FINAL STATIC PRESSURE: -0.32 @ 18016 CFM 

REMARKS: 

TECHNICIAN: MD/TB TEST DATE: 7/1/2015 


Page 10 
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AIR MOVING EQUIPMENT TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA UNIT NUMBER: AHU-1B 


[“MOTORDATA [DESIGN | ACTUAL ] 
MANUFACTURER BALDOR 


VOLTAGE 6 456 / 456 / 456 
AMPS 31.00 24.7 | 24.71 24.7 
MOTOR RPM 1760 1744 
SF / EFF / PF 1.15/-/- 


PERFORMANCE STARTER HEATER ELEMENTS F 
DATA | DESIGN | ACTUAL FRAME 


TOTAL FAN CFM MOTOR SHEAVE SZ / BORE 2B5V64 x 1 7/8 
TOTAL OUTLET CFM FAN SHEAVE SZ / BORE 2B5V70 x 2 
RETURN CFM # BELTS / SIZE 2 x 5VX560 
OSA CFM FAN RPM 
TOTAL STATIC PRESSURE : : CENTER DISTANCE 
EXTERNAL STATIC P 
EYE OF FAN 
SUCTION PRESSURE 


DISCHARGEPRESSURE | = - 


iN 
So 
< 


1594 


[TEMPERATURES F | DESIGN | ACTUAL | 
p= — = _ | 


REMARKS: OSA & RETURN DAMPERS NOT INTERLOCKED. OSA HAS A TWO POSITION DAMPER. RETURN DAMPER IS 
LOCKED OPEN. STATIC PRESSURE SET POINT: 1.25. 


TECHNICIAN: MD/TB TEST DATE: 7/29/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC C=TY 


DUCT TRAVERSE TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 


SYSTEM: AHU-1B SUPPLY DESIGN FPM: 2660 
DUCT SIZE: 64x 18 OVAL DESIGN CFM: 20000 
DUCT AREA: 7.52 ACTUAL CFM: 19575 


| zeta | 2s | 2252 | 2273 | 20a1 | 26a1 | zeus | | | | 
| 2a | ster _| 2002 | 20aa | 2a40 | aro | oir | | | | | 
| zee | 2654 | stat | 2008 | 2610 | aris | zee | | | tT 
| 2630 | 2262 | 1909 | 2756 | 210 | aer | 2022 | | | | 


ACTUAL FPM: 2603 INITIAL STATIC PRESSURE: - @ - CFM 
FINAL STATIC PRESSURE: 1.45 @ 19575 CFM 


REMARKS: COMP TOTALS: 18829. 


TECHNICIAN: MD/TB TEST DATE: 7/1/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC C=TY 


DUCT TRAVERSE TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 


SYSTEM: AHU-1B RETURN DESIGN FPM: 1234 
DUCT SIZE: 58 x 34 DESIGN CFM: 16900 
DUCT AREA: 13.69 ACTUAL CFM: 17537 


| sata | 1906 | 1343 | vos | vs | | | 
| sao | tart | tar7_ | sooo | a7 | | 
| tare | t920 | race | aziz | zo | | | 


ACTUAL FPM: 1281 INITIAL STATIC PRESSURE: - @ - CFM 
FINAL STATIC PRESSURE: -0.38 @ 17537 CFM 

REMARKS: 

TECHNICIAN: MD/TB TEST DATE: 7/1/2015 7/29/2015 
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VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-101 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 
JOHNSON CONTROLS 


9: 


101% 
98% 


840 


1840 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/12/2015 
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VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-102 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


94 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/12/2015 
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VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-103 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


95% 
103% 


98% 
100% 


ee 
1886 


1886 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/14/2015 


Page 16 


~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-104 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


159 
| 445 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/13/2015 
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VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-105 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/14/2015 
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VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-106 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL | 


104% 
95% 
97% 

101% 
104% 
96% 
104% 
96% 
99% 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/19/2015 
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VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-107 


LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 
PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL | 


UNIT AIR OUTLETS 


OUTLET DESIGN PRELIMINARY 


FACTOR 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/12/2015 
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VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-109 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL | 


1210 1235 
115.00 105.00 


OUTLET DESIGN 
crm _| _FPM | CFM 
95% 
101% 
96% 
95% 
97% 
95% 
100% 
97% 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/12/2015 
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VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-110 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


48% 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/14/2015 
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VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-111 
SERVED BY: AHU-1A/ 1B 


LOCATION: ALBANY, GA 


REMARKS: 


TECHNICIAN: MD/TB 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


115.00 105.00 


TEST DATE: 5/14/2015 
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95% 
96% 
99% 
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VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-112 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 
JOHNSON CONTROLS 
[a id 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/14/2015 
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VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-113 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


103% 
204 204 107% 199 199 105% 


181 105% 


103% 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/13/2015 
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VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-114 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/14/2015 
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VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-115 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


115.00 105.00 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/14/2015 
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VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-116 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: TB TEST DATE: 5/15/2015 
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VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-117 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL | 


1410 1440 


115.00 105.00 


UNIT AIR OUTLETS 


DESIGN 
FACTOR| CFM | FPM | CFM 


102% 
104% 
100% 
100% 
95% 

100% 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 7/29/2015 
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VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-119 
SERVED BY: AHU-1A/ 1B 


LOCATION: ALBANY, GA 


REMARKS: 


TECHNICIAN: TB 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


115.00 105.00 


TEST DATE: 5/15/2015 
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95% 
96% 
102% 
98% 


~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-120 
SERVED BY: AHU-1A/ 1B 


LOCATION: ALBANY, GA 


REMARKS: 


TECHNICIAN: MD/TB 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


115.00 105.00 


TEST DATE: 5/19/2015 
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VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-121 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL | 


1280 1342 


115.00 105.00 


UNIT AIR OUTLETS 


DESIGN 
FACTOR| CFM | FPM | CFM 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/12/2015 


Page 32 


~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-122 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


257 135% | 199 199 
190 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/12/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-123 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/12/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-124 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


10 


94 
95 

91 

154 
84 
18 


5 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/14/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-125 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/14/2015 
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oa 
ADDISON ENERGY TECHNOLOGIES, LLC A — -\) 
| (A=T 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-126 


LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 
PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL _| 


UNIT AIR OUTLETS 


OUTLET DESIGN PRELIMINARY 


FACTOR 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/14/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (4= A=T 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-127 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 
JOHNSON CONTROLS 
[a id 


105% 
97% 

104% 
103% 


95% 


100% 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/13/2015 
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oa 
ADDISON ENERGY TECHNOLOGIES, LLC A — -\) 
| (A=T 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-128 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL | 


1395 1461 
115.00 105.00 


OUTLET DESIGN PRELIMINARY FINAL 
FACTOR| CFM 


| FPM | CFM 
95% 
475 | 95% 
96% 
102% 
96% 
96% 
95% 
102% 
97% 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/14/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-129 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


105% 


203 203 | 119% | 175 103% 
170 104% 


104% 
101% 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/13/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (4= A=T 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-130 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 
Peco | 
JOHNSON CONTROLS 
[a id 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/13/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-131 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


| 19% | 


19% 


336 3 
es ee ee 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/19/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-132 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/13/2015 7/29/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-133 
SERVED BY: AHU-1A/ 1B 


LOCATION: ALBANY, GA 


REMARKS: 


TECHNICIAN: MD/TB 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


115.00 105.00 


TEST DATE: 5/13/2015 
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102% 


ADDISON ENERGY TECHNOLOGIES, LLC (4= A=T 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-134 
LOCATION: ALBANY, GA SERVED BY: AHU-1A/ 1B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


JOHNSON CONTROLS 
eT 


eo 


26% 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/13/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (zTY 


AIR MOVING EQUIPMENT TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA UNIT NUMBER: AHU-2A 


[“MOTORDATA | DESIGN | ACTUAL ] 
MANUFACTURER BALDOR 


VOLTAGE 60 467 / 467 / 467 
AMPS 31.00 26.0 / 26.0 / 26.0 
MOTOR RPM 1760 1766 
SF / EFF / PF 1.15/-/- 


PERFORMANCE STARTER HEATER ELEMENTS F 
DATA | DESIGN | ACTUAL FRAME 


TOTAL FAN CFM MOTOR SHEAVE SZ / BORE 2B5V86 x 1 7/8 
TOTAL OUTLET CFM FAN SHEAVE SZ / BORE 2B5V94 x 2 
RETURN CFM # BELTS / SIZE 2 x BX62 
OSA CFM FAN RPM 
TOTAL STATIC PRESSURE ; : CENTER DISTANCE 
EXTERNAL STATIC P 
EYE OF FAN 
SUCTION PRESSURE 


DISCHARGEPRESSURE |  —- 


iN 
< 


[TEMPERATURES F | DESIGN | ACTUAL _] 
po — | 


REMARKS: OSA & RETURN DAMPERS NOT INTERLOCKED. OSA HAS A TWO POSITION DAMPER. RETURN DAMPER IS 
LOCKED OPEN. STATIC PRESSURE SET POINT: 1.60. 


TECHNICIAN: MD/TB TEST DATE: 7/29/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC =TY 


DUCT TRAVERSE TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 


SYSTEM: AHU-2A SUPPLY DESIGN FPM: 2618 
DUCT SIZE: 65x 18 OVAL DESIGN CFM: 20000 
DUCT AREA: 7.64 ACTUAL CFM: 19085 


| 27a | 2706 | 2713 | 2600 | 256a_| 2523 | 244 | 2362 | raz | | | 
| 27oa | 27s | 2605 | asra_| 2405 | 2463 | 2200 | 2306 | 2252 | | | 
| 2657 | 2676 | 2603 | 2603 | 2527 | 2323 | 2267 | 2ae | 27 | | | 
| zara | 2aas_| 2407 | 2655 | 2348 | 2266 | 220 | 2a57_ | easa | | | 


ACTUAL FPM: 2498 INITIAL STATIC PRESSURE: - @ - CFM 
FINAL STATIC PRESSURE: 2.00 @ 19085 CFM 


REMARKS: COMP TOTALS: 17843. 


TECHNICIAN: MD/TB TEST DATE: 7/1/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC C=TY 


DUCT TRAVERSE TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 


SYSTEM: AHU-2A RETURN DESIGN FPM: 1129 
DUCT SIZE: 78x 26 DESIGN CFM: 15900 
DUCT AREA: 14.08 ACTUAL CFM: 14516 


peor _f tors {soe | tooe | vaor f roge ff fff 
| toca | tors | 1086 | 933 | 1013 _| 
a) 


ACTUAL FPM: 1031 INITIAL STATIC PRESSURE: - @ - CFM 
FINAL STATIC PRESSURE: -0.15 @ 14516 CFM 

REMARKS: 

TECHNICIAN: MD/TB TEST DATE: 7/1/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (zTY 


AIR MOVING EQUIPMENT TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA UNIT NUMBER: AHU-2B 


[“MOTORDATA | DESIGN | ACTUAL ] 
MANUFACTURER BALDOR 


VOLTAGE 60 462 / 462 / 462 
AMPS 31.00 26.4 / 26.4 / 26.4 
MOTOR RPM 1760 1765 
SF / EFF / PF 1.15/-/- 


PERFORMANCE STARTER HEATER ELEMENTS F 
DATA | DESIGN | ACTUAL FRAME 


TOTAL FAN CFM MOTOR SHEAVE SZ / BORE 2B5V86 x 1 7/8 
TOTAL OUTLET CFM FAN SHEAVE SZ / BORE 2B5V94 x 2 
RETURN CFM # BELTS / SIZE 2 x BX62 
OSA CFM FAN RPM 
TOTAL STATIC PRESSURE ; : CENTER DISTANCE 
EXTERNAL STATIC P 
EYE OF FAN 
SUCTION PRESSURE 


DISCHARGEPRESSURE |  —- 


iN 
< 


[TEMPERATURES F | DESIGN | ACTUAL | 
po == — =] 


REMARKS: OSA & RETURN DAMPERS NOT INTERLOCKED. OSA HAS A TWO POSITION DAMPER. RETURN DAMPER IS 
LOCKED OPEN. STATIC PRESSURE SET POINT: 1.50. 


TECHNICIAN: MD/TB TEST DATE: 7/29/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC C=TY 


DUCT TRAVERSE TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 


SYSTEM: AHU-2B SUPPLY DESIGN FPM: 2660 
DUCT SIZE: 64x 18 OVAL DESIGN CFM: 20000 
DUCT AREA: 7.52 ACTUAL CFM: 19725 


| 27s | 2762 | 2522 | 27oa | 2564 | 2635 | 2600 | 2670 | 2500 | | | 
| 2722 | 2603 | 2605 | 2653 | 2674 _| 2655 | 2630 | 2760 | roe | | | 
| 2scs_| 243s | 2520 | 2625 | 2607 _| 2656 | 2552 | 27e4 | ora | | | 
| 2682 | 2aso | 24s7_| 2528 | 2668 | 2500 | 2505 | 2500 | 250s | | | 


ACTUAL FPM: 2623 INITIAL STATIC PRESSURE: - @ - CFM 
FINAL STATIC PRESSURE: 2.65 @ 19725 CFM 


REMARKS: COMP TOTALS: 18535. 


TECHNICIAN: MD/TB TEST DATE: 7/1/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC =TY 


DUCT TRAVERSE TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 


SYSTEM: AHU-2B RETURN DESIGN FPM: 1122 
DUCT SIZE: 78x 26 DESIGN CFM: 15800 
DUCT AREA: 14.08 ACTUAL CFM: 15770 


| 1205 | 1200 | 1130 | oor | ose | soe | | | | 
| sisa | 1272 | 05 | oer _| soo | soe | | | | 
ee 


ACTUAL FPM: 1120 INITIAL STATIC PRESSURE: - @ - CFM 
FINAL STATIC PRESSURE: -0.19 @ 15770 CFM 

REMARKS: 

TECHNICIAN: MD/TB TEST DATE: 7/1/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-201 
SERVED BY: AHU-2A / 2B 


LOCATION: ALBANY, GA 


REMARKS: 


TECHNICIAN: TB 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


115.00 105.00 


TEST DATE: 5/17/2015 
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96% 
94% 
95% 
96% 
97% 


ADDISON ENERGY TECHNOLOGIES, LLC (4= A=T 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-202 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 
JOHNSON CONTROLS 
[a id 


a 
| ese | 241 | zat 
| 106% | 261 | 261 _| 
| 103% | 253 | 253 _| 


REMARKS: 


TECHNICIAN: TB TEST DATE: 5/17/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-203 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


608 | 


1608 


REMARKS: 


TECHNICIAN: TB TEST DATE: 5/15/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-204 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: TB TEST DATE: 5/16/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-205 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


REMARKS: * UNABLE TO ACCESS. 


TECHNICIAN: TB TEST DATE: 5/16/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-206 
SERVED BY: AHU-2A / 2B 


LOCATION: ALBANY, GA 


REMARKS: 


TECHNICIAN: TB 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


115.00 105.00 


TEST DATE: 5/16/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (4= A=T 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-207 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


eT 


es 


04% 


REMARKS: 


TECHNICIAN: TB TEST DATE: 5/17/2015 
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~~. 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 


LOCATION: ALBANY, GA 


REMARKS: 


TECHNICIAN: TB 


CEILING 


UNIT NUMBER: VAV-208 


7 


ADDISON ENERGY TECHNOLOGIES, LLC \ \ A= 


SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


115.00 105.00 


TEST DATE: 5/17/2015 
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295 


102% 
102% 
100% 


~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-209 
LOCATION: ALBANY, GA 


REMARKS: 


TECHNICIAN: TB 


CEILING 


SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


115.00 105.00 


TEST DATE: 5/16/2015 


Page 60 


103% 


~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-210 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


| 2066 


2066 


REMARKS: * UNABLE TO ACCESS. 


TECHNICIAN: MD/TB TEST DATE: 5/19/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-211 
LOCATION: ALBANY, GA 


REMARKS: 


TECHNICIAN: MD/TB 


CEILING 


SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


115.00 105.00 


TEST DATE: 5/19/2015 
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101% 
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oa 
ADDISON ENERGY TECHNOLOGIES, LLC A — -\) 
| (A=T 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-212 


LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 
UNIT DATA PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


UNIT AIR OUTLETS 
DESIGN PRELIMINARY 
CFM 


Po NTAROUTLETS 
OUTLET 
| Fem | crm | % | FPM | crm | % _ 


AREA SERVED 


= 
foe) 


ele 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/22/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-213 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/18/2015 
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oa 
ADDISON ENERGY TECHNOLOGIES, LLC A — -\) 
| (A=T 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-214 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL | 


UNIT AIR OUTLETS 
OUTLET DESIGN 
FACTOR| CFM | FPM | CFM 


var 
a 
[x1 
aa 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/18/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-215 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/18/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-216 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: TB TEST DATE: 5/16/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-217 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/21/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-220 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/21/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-221 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: TB TEST DATE: 5/16/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-222 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


REMARKS: APD: 1.96 


TECHNICIAN: MD/TB TEST DATE: 5/19/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC A — -\) 
| (A=T 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-223 


LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 
PERFORMANCE DATA 

AIRFLOW | DESIGN | ACTUAL _| 
Pseriacnuneer [CS 


UNIT AIR OUTLETS 


OUTLET DESIGN PRELIMINARY 


FACTOR 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/22/2015 
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oa 
ADDISON ENERGY TECHNOLOGIES, LLC A — -\) 
| (A=T 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-224 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL | 


115.00 105.00 


PRELIMINARY FINAL 
| FPM | CFM | % | FPM | CFM 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/19/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-225 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: TB TEST DATE: 5/16/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-226 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


irae 


1744 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/18/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (4= A=T 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-227 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


JOHNSON CONTROLS 
eT 


ae 


04% 


REMARKS: 


TECHNICIAN: TB TEST DATE: 5/16/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-228 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: TB TEST DATE: 5/16/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (4= A=T 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-229 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


JOHNSON CONTROLS 
eT 


es 


24% 


TOTALS 


201 


REMARKS: 


TECHNICIAN: TB TEST DATE: 5/16/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (4= A=T 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-230 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


JOHNSON CONTROLS 
eT 


es 


05% 


REMARKS: 


TECHNICIAN: TB TEST DATE: 5/16/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (4= A=T 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-231 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


JOHNSON CONTROLS 
eT 


cs 


00% 


REMARKS: 


TECHNICIAN: TB TEST DATE: 5/16/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-232 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


| 1708 


1708 


REMARKS: 


TECHNICIAN: TB TEST DATE: 5/16/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-233 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


UNIT AIR OUTLETS 


DESIGN 
eee ee 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/19/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-234 
LOCATION: ALBANY, GA SERVED BY: AHU-2A / 2B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


tai | 


1712 


REMARKS: 


TECHNICIAN: TB TEST DATE: 5/16/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (zTY 


AIR MOVING EQUIPMENT TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA UNIT NUMBER: AHU-3A 


[“MOTORDATA | DESIGN | ACTUAL ] 
MANUFACTURER BALDOR 


VOLTAGE 60 460 / 460 / 460 
AMPS 31.00 27.0 / 27.0 / 27.0 
MOTOR RPM 1760 1767 
SF / EFF / PF 1.15/-/- 


PERFORMANCE STARTER HEATER ELEMENTS F 
DATA | DESIGN | ACTUAL FRAME 


TOTAL FAN CFM MOTOR SHEAVE SZ / BORE 2TB86 x 1 7/8 
TOTAL OUTLET CFM FAN SHEAVE SZ / BORE 2TB94 x2 
RETURN CFM # BELTS / SIZE 2 x BX62 
OSA CFM FAN RPM 
TOTAL STATIC PRESSURE ; : CENTER DISTANCE 
EXTERNAL STATIC P 
EYE OF FAN 
SUCTION PRESSURE 


DISCHARGEPRESSURE | = - 


iN 
< 


18 


[TEMPERATURES F | DESIGN | ACTUAL | 
po == — | 


REMARKS: OSA & RETURN DAMPERS NOT INTERLOCKED. OSA HAS A TWO POSITION DAMPER. RETURN DAMPER IS 
LOCKED OPEN. STATIC PRESSURE SET POINT: 1.10. 


TECHNICIAN: MD/TB TEST DATE: 7/29/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC =TY 


DUCT TRAVERSE TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 


SYSTEM: AHU-3A SUPPLY DESIGN FPM: 2706 
DUCT SIZE: 63 x 18 OVAL DESIGN CFM: 20000 
DUCT AREA: 7.39 ACTUAL CFM: 22052 


| zee | soe | 2620 | 2402 | 207 _| a570 | sete | ais | | | | 
| 2030 | 2e00 | 3143 | s2i8 | aor | asee_| soe | soos | | | | 
| 2720 | 2520 | 2626 | 2638 | 2008 | 2067 | 2058 | s96 | | | | 
| 2612 | raze | 2300 | 2568 | 2522 | 25a7_| 2501 | 2000 | | | | 


ACTUAL FPM: 2984 INITIAL STATIC PRESSURE: - @ - CFM 
FINAL STATIC PRESSURE: 1.41 @ 22052 CFM 


REMARKS: COMP TOTALS: 23154. 


TECHNICIAN: MD/TB TEST DATE: 7/1/2015 7/29/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC =TY 


DUCT TRAVERSE TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 


SYSTEM: AHU-3A RETURN DESIGN FPM: 1110 
DUCT SIZE: 86 x 24 DESIGN CFM: 15900 
DUCT AREA: 14.33 ACTUAL CFM: 16437 


| 126 | 1206 | 1001 | eco | 1204 | os | ts | | | | 
| too2 | torr | t207_| zor | 240 | 222 | 1s | | | | 
eo) 


ACTUAL FPM: 1147 INITIAL STATIC PRESSURE: - @ - CFM 
FINAL STATIC PRESSURE: -0.23 @ 16437 CFM 

REMARKS: 

TECHNICIAN: MD/TB TEST DATE: 7/1/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (zTY 


AIR MOVING EQUIPMENT TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA UNIT NUMBER: AHU-3B 


[“MOTORDATA | DESIGN | ACTUAL ] 
MANUFACTURER BALDOR 


VOLTAGE 60 460 / 460 / 460 
AMPS 31.00 28.0 / 28.0 / 28.0 
MOTOR RPM 1760 1766 
SF / EFF / PF 1.15/-/- 


PERFORMANCE STARTER HEATER ELEMENTS F 
DATA | DESIGN | ACTUAL FRAME 


TOTAL FAN CFM MOTOR SHEAVE SZ / BORE 3B5V52 x 1 

TOTAL OUTLET CFM FAN SHEAVE SZ / BORE 3B5V56 x - 

RETURN CFM # BELTS / SIZE 3 x 5BX530 

OSA CFM FAN RPM 

TOTAL STATIC PRESSURE : : CENTER DISTANCE 

EXTERNAL STATIC P 
EYE OF FAN 

SUCTION PRESSURE 


DISCHARGEPRESSURE | = - 


iN 
< 


1639 


[TEMPERATURES F | DESIGN | ACTUAL _] 
po == — = =] 


REMARKS: OSA & RETURN DAMPERS NOT INTERLOCKED. OSA HAS A TWO POSITION DAMPER. RETURN DAMPER IS 
LOCKED OPEN. STATIC PRESSURE SET POINT: 1.00. 


TECHNICIAN: MD/TB TEST DATE: 7/29/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC C=TY 


DUCT TRAVERSE TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 


SYSTEM: AHU-3B SUPPLY DESIGN FPM: 2954 
DUCT SIZE: 58 x 18 OVAL DESIGN CFM: 20000 
DUCT AREA: 6.77 ACTUAL CFM: 20500 


| 2004 | 2076 | 3260 | a2is | ates | oso | sara | sao | | | | 
| size | sora | stse | 262 | atvo | arta | 020 | sie | | | | 
| 2070 | 27s | st3e_| 288 | 230 | 027_| err | zee | | | | 
| 2605 | 2622 | 2768 | 06s _| oer | a7s1_| 2s | sore | | | | 


ACTUAL FPM: 3028 INITIAL STATIC PRESSURE: - @ - CFM 
FINAL STATIC PRESSURE: 1.44 @ 20500 CFM 

REMARKS: 

TECHNICIAN: MD/TB TEST DATE: 7/1/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC C=TY 


DUCT TRAVERSE TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 


SYSTEM: AHU-3B RETURN DESIGN FPM: 1056 
DUCT SIZE: 86 x 26 DESIGN CFM: 16400 
DUCT AREA: 15.53 ACTUAL CFM: 19133 


| 120 | t501 | 1300 | a1z6 | zis | 14s | 1320 | om | | | | 
| tore | 1532 | 1300 | 1307 | vo | saz | tao | ts | | || 
a 


ACTUAL FPM: 1232 INITIAL STATIC PRESSURE: - @ - CFM 
FINAL STATIC PRESSURE: -0.35 @ 19133 CFM 

REMARKS: 

TECHNICIAN: MD/TB TEST DATE: 7/1/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-301 
SERVED BY: AHU-3A / 3B 


LOCATION: ALBANY, GA 


REMARKS: 


TECHNICIAN: MD/TB 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


1025 1042 
115.00 105.00 


TEST DATE: 5/18/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-302 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/18/2015 


Page 91 


ADDISON ENERGY TECHNOLOGIES, LLC (4= A=T 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-303 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


JOHNSON CONTROLS 
eT 


=o 


12% 


: 80 
0 
a 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/20/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-304 
SERVED BY: AHU-3A / 3B 


LOCATION: ALBANY, GA 


REMARKS: 


TECHNICIAN: MD/TB 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


1025 1036 
115.00 105.00 


TEST DATE: 5/20/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-305 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


JOHNSON CONTROLS 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/20/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-306 
SERVED BY: AHU-3A / 3B 


LOCATION: ALBANY, GA 


REMARKS: 


TECHNICIAN: MD/TB 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


115.00 105.00 


UNIT AIR OUTLETS 


DESIGN 
eee ee 


TEST DATE: 5/20/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (4= A=T 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-307 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


JOHNSON CONTROLS 
eT 


eS 


06% 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/20/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-308 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/20/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-309 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: TB TEST DATE: 5/18/2015 
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VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-310 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL | 


UNIT AIR OUTLETS 


OUTLET DESIGN PRELIMINARY 


FACTOR 


ee a a 
a ee ee ee ee 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/21/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC A — -\) 
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VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-311 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL | 


UNIT AIR OUTLETS 


DESIGN 
FACTOR| CFM | FPM | CFM 


105% 


a 
[200 | 105% | 
| 210 | 105% | 
| 210 | 105% | 
| 102% | 
| 104% | 
| 100% | 
| 97% | 
| 105% | 
4 


ae 
ee 
| 200 | 100% 
| 126 | 97% 


1366 103% 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/21/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC A — -\) 
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VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-312 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL | 


115.00 105.00 


| FPM | CFM 
100% 
103% 
98% 
105% 
104% 
102% 
105% 
104% 
102% 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/20/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-313 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/20/2015 
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oa 
ADDISON ENERGY TECHNOLOGIES, LLC A — -\) 
| (A=T 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-314 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL | 


115.00 105.00 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/21/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-315 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL | 


98% 
100% 


99% 
99% 


98% 
| 1066 | 


1066 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/21/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-316 
SERVED BY: AHU-3A / 3B 


LOCATION: ALBANY, GA 


REMARKS: 


TECHNICIAN: MD/TB 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


115.00 105.00 


TEST DATE: 5/21/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-317 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


96 10 
| 220 
| so ts | co | a | 100 | 220 | 2 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/21/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC A — -\) 
| (A=T 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-319 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL | 


101% 
96% 
98% 

105% 

104% 
98% 
100% 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/22/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-321 
SERVED BY: AHU-3A / 3B 


LOCATION: ALBANY, GA 


REMARKS: * UNABLE TO ACCESS. 


TECHNICIAN: MD/TB 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


UNIT AIR OUTLETS 


DESIGN 
eee ee 


15 


TEST DATE: 5/21/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-322 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


309 
316 
310 
318 


| 1253 


1253 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/21/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-323 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


ADDRESS 


115.00 105.00 


UNIT AIR OUTLETS 


DESIGN 
CFM 
250 


| stg tt | co | to | 100 | 50 | 260 
319 
es (ice 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/21/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC A — -\) 
| (A=T 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-324 


LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 
PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL _| 


UNIT AIR OUTLETS 


OUTLET DESIGN| __ PRELIMINARY 
FACTOR] CFM | _FPM | CFM __ 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/20/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-325 
SERVED BY: AHU-3A / 3B 


LOCATION: ALBANY, GA 


REMARKS: 


TECHNICIAN: MD/TB 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


115.00 105.00 


TEST DATE: 5/15/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-326 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/20/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-327 
SERVED BY: AHU-3A / 3B 


LOCATION: ALBANY, GA 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


UNIT AIR OUTLETS 


DESIGN 
CFM 
300 


| 77 tt | co | to | 400 | 300 | a5 


377 
TOTALS 


REMARKS: 


TECHNICIAN: MD/TB 


TEST DATE: 5/20/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-328 
SERVED BY: AHU-3A / 3B 


LOCATION: ALBANY, GA 


372 


| torus | | | 


REMARKS: 


TECHNICIAN: MD/TB 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


TEST DATE: 5/20/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-329 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


UNIT AIR OUTLETS 


DESIGN 
eee ee 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/21/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-330 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


UNIT AIR OUTLETS 


DESIGN 
eee ee 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/21/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-331 


LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 


CEILING AIRFLOW | DESIGN | ACTUAL 


PC CeuNG 


K-FACTOR 
115.00 106.00 


313 
TOTALS 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/20/2015 
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101 


~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-332 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/21/2015 


Page 119 


~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-333 
SERVED BY: AHU-3A / 3B 


LOCATION: ALBANY, GA 


REMARKS: 


TECHNICIAN: MD/TB 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


115.00 105.00 


TEST DATE: 5/21/2015 
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104% 
96% 
99% 
97% 
97% 


~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-334 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


97% 
105% 


97% 
100% 


ioe 
| 1958 


1958 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/21/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-335 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


UNIT AIR OUTLETS 


DESIGN 
See ee 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/21/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-336 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 
AIRFLOW | DESIGN | ACTUAL 
Peo 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 5/20/2015 
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~~ 
ADDISON ENERGY TECHNOLOGIES, LLC (4= TY 
== 


VARIABLE AIR VOLUME WITH HOT WATER TEST SHEET 


PROJECT: MCLB ALBANY GHPs WITH USTES BUILDING 3700 UNIT NUMBER: VAV-337 
LOCATION: ALBANY, GA SERVED BY: AHU-3A / 3B 


PERFORMANCE DATA 


AIRFLOW | DESIGN | ACTUAL 


REMARKS: LABELED VAV-327 ON DRAWINGS. * UNABLE TO ACCESS. 


TECHNICIAN: MD/TB TEST DATE: 5/20/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC CzTy 


ENERGY RECOVERY UNIT (SUPPLY) TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA UNIT NUMBER: ERU-1 


[PERFORMANCE] 
[AIRFLOW | DESIGN | ACTUAL _| 
| et 


a 
PCeaeae 
Se 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 7/30/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC C=TY 


DUCT TRAVERSE TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 


SYSTEM: ERU-1 SUPPLY DESIGN FPM: 488 
DUCT SIZE: 16 @ 24x 18 DESIGN CFM: 23400 
DUCT AREA: 48.00 ACTUAL CFM: 24432 


ACTUAL FPM: 509 INITIAL STATIC PRESSURE: - @ - CFM 
FINAL STATIC PRESSURE: - @ 24432 CFM 


REMARKS: — ERU-1 SUPPLY = AHU OSAs: 1947 + 2038 + 4569 + 3955 + 5615 + 1367 = 19491 CFM. 


TECHNICIAN: MD/TB TEST DATE: 7/30/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC CzTy 


ENERGY RECOVERY UNIT (EXHAUST) TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA UNIT NUMBER: ERU-1 


[PERFORMANCE] 
[AIRFLOW | DESIGN | ACTUAL _| 
| 


Pree | 
Te 


REMARKS: — RUNNING AT 130%; UNABLE TO ADJUST SHEAVES DUE TO RUST BUILD UP. 


TECHNICIAN: MD/TB TEST DATE: 7/30/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC C=TY 


DUCT TRAVERSE TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 


SYSTEM: ERU-1 EXHAUST DESIGN FPM: 1577 
DUCT SIZE: 30x39 DESIGN CFM: 12820 
DUCT AREA: 8.13 ACTUAL CFM: 16675 


| toe | 2205 | rosr | | | 
| zore | toro | amo | | | | | 
fee 


ACTUAL FPM: 2051 INITIAL STATIC PRESSURE: - @ 16675 CFM 
FINAL STATIC PRESSURE: - @ 16675 CFM 

REMARKS: 

TECHNICIAN: MD/TB TEST DATE: 7/1/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC CzTy 


STATIC PRESSURE PROFILE 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 
SYSTEM: AHU-1A 


re 
Pa 


TECHNICIAN: MD/TB TEST DATE: 7/1/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC CzTy 


STATIC PRESSURE PROFILE 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 
SYSTEM: AHU-2B 


re 
Pa 


TECHNICIAN: MD/TB TEST DATE: 7/1/2015 7/29/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC CzTy 


STATIC PRESSURE PROFILE 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 
SYSTEM: ERU-1 SUPPLY 


SYSTEM: 


a 
in WG 


TECHNICIAN: MD/TB TEST DATE: 7/1/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC 


HYDRONIC HEATER TEST SHEET 


PROJECT: 
LOCATION: ALBANY, GA 


UNIT DATA 
UNIT NUMBER 
LOCATION PUMP ROOM 


SERVICE 154 


MANUFACTURER STERLING 


MODEL NUMBER HS-054 


SERIAL NUMBER D1501374344-001001 


wrwueee 
[tocarion | S 
[service if SSCS~—S 
[wanuracruner —[SSSS~—S 
[wove numer [ SSCSC~*” 
[seracnuneer [SCS 
=== ok 


| unirnumeer PO 
| tocation | 
| service | 
| MANUFACTURER | 


REMARKS: 


TECHNICIAN: MD/TB 


MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 


[PERFORMANCE | DESIGN | ACTUAL 


VOLTAGE 


ENT WATER TEMP °F 
LVG WATER TEMP °F 


[PERFORMANCE | DESIGN | ACTUAL 


VOLTAGE 


ENT WATER TEMP ‘F 
LVG WATER TEMP °F 


[PERFORMANCE | DESIGN | ACTUAL 


VOLTAGE 


ENT WATER TEMP °F 
LVG WATER TEMP °F 


TEST DATE: 7/30/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (zTY 


HYDRONIC PUMP TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA UNIT NUMBER: P-1 


TEST DATA | READING] 
ACTUAL IMP DIA 


REMARKS: 


TECHNICIAN: JM TEST DATE: 6/28/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (AzTY 


HYDRONIC PUMP TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA UNIT NUMBER: P-2 


TEST DATA READING] 
ACTUAL IMP DIA 


REMARKS: 


TECHNICIAN: JM TEST DATE: 6/28/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (zTY 


HYDRONIC PUMP TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA UNIT NUMBER: P-3 


"TEST DATA | READING] 
ACTUAL IMP DIA 


REMARKS: DELTA P CONTROLLING SETPOINT IS 4.50 PSI. 


TECHNICIAN: JM TEST DATE: 6/25/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (AzTY 


HYDRONIC PUMP TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA UNIT NUMBER: P-4 


TEST DATA | READING] 
ACTUAL IMP DIA 


REMARKS: DELTA P CONTROLLING SETPOINT IS 4.50 PSI. 


TECHNICIAN: JM TEST DATE: 6/28/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (AzTY 


HYDRONIC PUMP TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA UNIT NUMBER: P-5 


TEST DATA | READING] 
ACTUAL IMP DIA 


REMARKS: DELTA P CONTROLLING SETPOINT IS 5.50 PSI. 


TECHNICIAN: JM TEST DATE: 6/28/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (AzTY 


HYDRONIC PUMP TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA UNIT NUMBER: P-6 


TEST DATA | READING] 
ACTUAL IMP DIA 


REMARKS: DELTA P CONTROLLING SETPOINT IS 5.50 PSI. 


TECHNICIAN: JM TEST DATE: 6/28/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (AzTY 


HYDRONIC PUMP TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA UNIT NUMBER: P-7 


TEST DATA | READING] 
ed 
ee 


| REQNPsH | FINAL GPM 
PUMP OFF PRESSURE PS! 
VOLTAGE 
es | AMPS 
ee HERTZ 
ACTUAL IMP DIA 
HP BHP 


REMARKS: DELTA P CONTROLLING SETPOINT IS 2.50 PSI. 


TECHNICIAN: JM TEST DATE: 6/28/2015 


Page 139 


ADDISON ENERGY TECHNOLOGIES, LLC (zTY 


HYDRONIC PUMP TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA UNIT NUMBER: P-8 


TEST DATA | READING] 
eT 
ee 


| REQNPsH | FINAL GPM 
PUMP OFF PRESSURE PS! 
VOLTAGE 
es | AMPS 
ee HERTZ 
ACTUAL IMP DIA 
HP BHP 


REMARKS: DELTA P CONTROLLING SETPOINT IS 2.50 PSI. 


TECHNICIAN: JM TEST DATE: 6/28/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (zTY 


WATER COOLED CHILLER TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 


[CHILLER DATA 
ae —_= 7 


ELECTRICAL _[NAMEPLATE| ACTUAL ELECTRICAL [NAMEPLATE] ACTUAL 
VOLTAGE 


143.40 
% LOADED fe ee] % LOADED 


PERFORMANCE DATA PERFORMANCE DATA 


|__ EVAPORATOR __| DESIGN | ACTUAL |||_ EVAPORATOR 
ee 2 PM 
a ee a ee a 

| eNTWwaTeRtemp’s [| 5400 | os 
|_ivGwatertempF | 4400 | + 


|___ CONDENSER _[ DESIGN | _ACTUAL _| 
Se ee 
re (a Heer cee 


CONDITIONS [| DESIGN | ACTUAL ||| CONDITIONS | DESIGN | ACTUAL 
| oursibewoB'F | |, oursibewrop'e | | 
| OuTSIDEARWB'F | | i cusewrwee | 


REMARKS: * SEE MANUFACTURER'S START UP SHEET. 


TECHNICIAN: JM TEST DATE: 6/28/2015 
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CLIMAQCOOL 


Startup and Warranty Registration Form (SHC onDEMAND®) 


Sign, date and E-mail to: technicalsupport@climacoolcorp.com or Ambient 

Fax: 405.815.3052 Attn: Technical Support Temp: 79 Page 1 of 1 
Project Name: NAVFAC Building 3700 Contractor Name:  SafeAire Heating & Cooling 

Address: 5500 WALKER AVE.MARINE CORPS LOGISITCS BASE Address: 3199 Palmyra Road 

City/State/Zip: Albany, GA 31704 City/State/Zip: Albany, GA 31707 

Startup Date: 3/27/15 Phone No.: 229-789-0124 
es 
Model No.: UCHO85AFASAWBOS Model No.: GSD80485VAB421 

Serial No.: 61413210188 Serial No.1: 2786200052 

Chiller No.: 1 Bank No.: 1 Serial No. 2: 2786300444 

Evaporator: 51.6/47.5 4A AP Evaporator: Yes [] NIA 

Condenser: 53.2/ 50.9 24 AP Condenser: Yes [] NIA 

Source: 53 143 10 AP Source: Yes CL) NIA 

"Flow devices" shut off chiller below 40% of flow for Cool & Source loop and 25% for Heat loop: Yes 


For initial MANDATORY water samples, bottles are provided. 
Follow instructions on label and mail the same day sample is taken. 


> All wiring terminations in module panel, safeties and compressors tightened: | Yes CL] No 
> Rotation of scroll compressor is correct: 4) Yes L 
L1273 L272 L3 274 Li/L2 471 L2/L3 472 L1/L3 473 


Low Voltage (24V): 24.3 


Compressor Circult #1 Compressor Circult #2 


Amperage: L1 37 L2 41 L3 38 Amperage: L1 38 L2 41 L3 39 
HEAT COOL HEAT COOL 
Sight Glass Oil Level: 13 1/3 Sight Glass Oil Level: 1/3 1/3 
Suction Pressure: 140 103 Suction Pressure: 140 101 
Suction Temperature: 66.4 50.4 Suction Temperature: 62.5 50.5 
Compressor Superheat: 17.6 17.6 Compressor Superheat: 13.3 18.4 
Discharge Pressure: 394 277 Discharge Pressure: 403 280 
Discharge Line Temperature (F): 220° max 165 142 Discharge Line Temperature (F): 220° max 160 141 
Discharge Gas Superheat (F): 50° min 50 52 Discharge Gas Superheat (F): 50° min 53S 50 
Liquid Line Temperature: 96 74 Liquid Line Temperature: 98 75 
Liquid Subcooling: 20 16 Liquid Subcooling: 18 17 
Evaporator Entering Water Temperature: 75 50.2 Evaporator Entering Water Temperature: 75 50.2 
Evaporator Leaving Water Temperature: 56.6 43.4 Evaporator Leaving Water Temperature: 56.6 43.4 
Condenser Entering Water Temperature: 98 75.4 Condenser Entering Water Temperature: 99 75.4 
Condenser Leaving Water Temperature: 113 88.5 Condenser Leaving Water Temperature: 114 88.5 
Evaporator Pressure Differential: 2 4 
Condenser Pressure Differential: 2 2 Software Version: UCH-SHC-HR.LON.O6A.14 


Verify Safety Setting Limits: 


Low Saas wale Pressure; Low Pressure: 
[4] 32 [/] 575 [V] 92 


Low — High Pressure: Low Pressure: 
[¥] 32 [7] 575 ca 92 


Rep Signature: 
E-Signature: [/] Check Box (Authorized Signature) 


Print Name: Enrique Bordallo 


Doc: SHC onDEMAND® StartupWarranty 
SD #0018 Rev. 213 15 1 


CLIMAQCOOL 


Startup and Warranty Registration Form (SHC onDEMAND®) 


Sign, date and E-mail to; technicalsupport@climacoolcorp.com or Ambient 

Fax: 405.815.3052 Attn: Technical Support Temp: 92 Page 1 of 1 
Project Name: NAVFAC Building 3700 Contractor Name: — SafeAire Heating & Cooling 

Address: 5500 WALKER AVE.MARINE CORPS LOGISITCS BASE Address: 3199 Palmyra Road 

City/State/Zip: Albany, GA 31704 City/State/Zip: Albany, GA 31707 

Startup Date: 3/27/15 Phone No.: 229-789-0124 
a 
Model No.: UCHO85AFASAWBOS Model No.: GSD80485VAB421 

Serial No.: C1413210189 Serial No.1: 2786300436 

Chiller No.: 2 Bank No.: 1 Serial No. 2: 2786200056 

Evaporator: 49 /43 6 AP Evaporator: Yes [] NIA 

Condenser: 50.5/ 45.5 5 AP Condenser: Yes [] NIA 

Source: 55 1/47 8 AP Source: Yes CL) NIA 

"Flow devices" shut off chiller below 40% of flow for Cool & Source loop and 25% for Heat loop: Yes 


For initial MANDATORY water samples, bottles are provided. 
Follow instructions on label and mail the same day sample is taken. 


> All wiring terminations in module panel, safeties and compressors tightened: 7] Yes | No 
> Rotation of scroll compressor is correct: 4) Yes LJ 
L1 275 L2 274 L3 275 L1/L2 475 L2/L3 475 L1/L3 477 
Low Voltage (24V): 24.5 = —<—+ 
Compressor Circult #1 Compressor Circult #2 
Amperage: L1 39.3 L2 41.5 L3 39.8 Amperage: Li 39.8 L2 41.8 L3 40.2 
HEAT COOL HEAT COOL 
Sight Glass Oil Level: 3/4 3/4 Sight Glass Oil Level: 1/3 1/3 
Suction Pressure: 137 104 Suction Pressure: 133 96 
Suction Temperature: 71.6 51.3 Suction Temperature: 72.1 51.5 
Compressor Superheat: 23.2 17.8 Compressor Superheat: 25.6 22 
Discharge Pressure: 399 290 Discharge Pressure: 418 298 
Discharge Line Temperature (F): 220° max171 146 Discharge Line Temperature (F): 220° max 180 152 
Discharge Gas Superheat (F): 50° min 52 52 Discharge Gas Superheat (F): 50° min 60 57 
Liquid Line Temperature: 95 80 Liquid Line Temperature: 99 80 
Liquid Subcooling: 21 14 Liquid Subcooling: 20 16 
Evaporator Entering Water Temperature: 78 51 Evaporator Entering Water Temperature: 78 52.9 
Evaporator Leaving Water Temperature: 55.6 44 Evaporator Leaving Water Temperature: 55.6 45.5 
Condenser Entering Water Temperature: 101 80 Condenser Entering Water Temperature: 101 80 
Condenser Leaving Water Temperature: 118 90.6 Condenser Leaving Water Temperature: 118 92 
Evaporator Pressure Differential: 2 4 
Condenser Pressure Differential: 2 3 Software Version: UCH-SHC-HR.LON.06A.14 


Verify Safety Setting Limits: 


Low aa wae Pressure; Low Pressure: 
[/} 32 [/] 575 [/] 92 


Low = High Pressure: Low Pressure: 
[/] 32 [7] 575 aE 92 


Rep Signature: 
E-Signature: [/] Check Box (authorized Signature) 


Print Name: Enrique Bordallo 


Doc: SHC onDEMAND® StartupWarranty 
SD #0018 Rev 21315 1 


ADDISON ENERGY TECHNOLOGIES, LLC (zTY 


WATER COOLED CHILLER TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 


[CHILLER DATA +d 
ae —— = 7 


ELECTRICAL _[NAMEPLATE| ACTUAL ELECTRICAL [NAMEPLATE] ACTUAL 
VOLTAGE 


143.40 
% LOADED fe ee] % LOADED 


PERFORMANCE DATA PERFORMANCE DATA 


|__ EVAPORATOR __| DESIGN | ACTUAL |||_ EVAPORATOR 
ee 2 PM 
a ee a ee a 

| eNTWwaTeRtemp’s [| 5400 | os 
|_ivGwatertempF | 4400 | + 


|___ CONDENSER _[ DESIGN | _ACTUAL _| 
Se ee 
re (a Heer cee 


CONDITIONS [| DESIGN | ACTUAL ||| CONDITIONS | DESIGN | ACTUAL 
| oursibewoB'F | |, oursibewrop'e | | 
| OuTSIDEARWB'F | | i cusewrwee | 


REMARKS: * SEE MANUFACTURER'S START UP SHEET. 


TECHNICIAN: JM TEST DATE: 6/28/2015 
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CLIMA@COOL 


Sign, date and E-mail to: technicalsupport@climacoolcorp.com or Ambient 

Fax: 405.815.3052 Attn: Technical Support Temp: 90 Page 1 of 1 
Project Name: NAVFAC Building 3700 Contractor Name:  SafeAire Heating & Cooling 

Address: 5500 WALKER AVE.MARINE CORPS LOGISITCS BASE Address: 3199 Palmyra Road 

City/State/Zip: Albany, GA 31704 City/State/Zip: Albany, GA 31707 

Startup Date: 3/27/15 Phone No.: 229-789-0124 
a 
Model No.: UCHO85AFASAWBOS Model No.: GSD80485VAB421 

Serial No.: 61413210187 Serial No.1: 2786300441 

Chiller No.: 3 Bank No.: 1 Serial No. 2: 2786300440 

Evaporator: 51 /49 2 AP Evaporator: Yes L] N/A 

Condenser: 53 /43 10 AP Condenser: Yes [] NIA 

Source: 53 /50 3 AP Source: Yes LI NIA 

"Flow devices" shut off chiller below 40% of flow for Cool & Source loop and 25% for Heat loop: Yes 


For initial MANDATORY water samples, bottles are provided. 
Follow instructions on label and mail the same day sample is taken. 


> All wiring terminations in module panel, safeties and compressors tightened: 7] Yes | No 
» Rotation of scroll compressor is correct: 4) Yes LJ 
L1275 0 L2 273 L3 275 Li/L2 474 L2/L3 475 L1/L3 477 


Low Voltage (24V): 24.5 


Compressor Circult #1 Compressor Circult #2 


Amperage: L1 38 L2 40 L3 39 Amperage: L1 39 L2 41 L3 40 
HEAT COOL HEAT COOL 
Sight Glass Oil Level: W3 1/3 Sight Glass Oil Level: 1/2 1/2 
Suction Pressure: 142 104 Suction Pressure: 154 103 
Suction Temperature: 79.3 49.6 Suction Temperature: 70.1 50 
Compressor Superheat: 28.9 16.9 Compressor Superheat: 16 17.2 
Discharge Pressure: 356 254 Discharge Pressure: 399 288 
Discharge Line Temperature (F): 220° max 166 138 Discharge Line Temperature (F): 220° max 165 143 
Discharge Gas Superheat (F): 50° min 54 54 Discharge Gas Superheat (F): 50° min 48 51 
Liquid Line Temperature: 107 87 Liquid Line Temperature: 103 82 
Liquid Subcooling: 3 2 Liquid Subcooling: 13 10 
Evaporator Entering Water Temperature: 81 50.5 Evaporator Entering Water Temperature: 81 50.2 
Evaporator Leaving Water Temperature: 60.3 44.5 Evaporator Leaving Water Temperature: 60.3 44.5 
Condenser Entering Water Temperature: 98.3 80 Condenser Entering Water Temperature: 98.6 80.3 
Condenser Leaving Water Temperature: 111.9 89.6 Condenser Leaving Water Temperature: 11.9 89.5 
Evaporator Pressure Differential: 3 4 
Condenser Pressure Differential: 2 4 Software Version: UCH-SHC-HR.LON.06A.14 


Verif Safet Settin g 


Rep Signature: 
E-Signature: [/] Check Box (Authorized Signature) 


Print Name: Enrique Bordallo 


Doc: SHC onDEMAND® StartupWarranty 
SD #0018 Rev. 213 15 1 


CLIMAQCOOL 


Startup and Warranty Registration Form (SHC onDEMAND®) 


Sign, date and E-mail to: technicalsupport@climacoolcorp.com or Ambient 

Fax: 405.815.3052 Attn: Technical Support Temp: 87 Page 1 of 1 
Project Name: NAVFAC Building 3700 Contractor Name: — SafeAire Heating & Cooling 

Address: 5500 WALKER AVE.MARINE CORPS LOGISITCS BASE Address: 3199 Palmyra Road 

City/State/Zip: Albany, GA 31704 City/State/Zip: Albany, GA 31707 

Startup Date: 3/27/15 Phone No.: 229-789-0124 
eS 
Model No.: UCHO85AFASAWBOS Model No.: GSD80485VAB421 

Serial No.: 01413210185 Serial No.1: 2786300449 

Chiller No.: 4 Bank No.: 1 Serial No. 2: 2786300447 

Evaporator: 69 /60 g AP Evaporator: Yes [] NIA 

Condenser: 35.0/ 27.0 8 AP Condenser: Yes [] NIA 

Source: 32.6/28.5 4A AP Source: Yes CL) NIA 

"Flow devices" shut off chiller below 40% of flow for Cool & Source loop and 25% for Heat loop: Yes 


For initial MANDATORY water samples, bottles are provided. 
Follow instructions on label and mail the same day sample is taken. 


> All wiring terminations in module panel, safeties and compressors tightened: 7] Yes fel No 
> Rotation of scroll compressor is correct: 4) Yes LJ 
L1273 L272 L3 274 Li/L2 472 L2/L3 472 L1/L3 476 


Low Voltage (24V): 244000 


Compressor Circult #1 [——(l ERROR CoN. Circult #2 


Amperage: L1 39 L2 41 L340 _—sS«|_:« Amperage: Lite, Ll «6S ATS 
HEAT COOL HEAT COOL 
Sight Glass Oil Level: 1/2 1/2 Sight Glass Oil Level: 1/3 1/3 
Suction Pressure: 159 114 Suction Pressure: 158 107 
Suction Temperature: 77.2 55.8 Suction Temperature: 77.2 54 
Compressor Superheat: 20.6 18.8 Compressor Superheat: 21.2 18.7 
Discharge Pressure: 486 307 Discharge Pressure: 484 296 
Discharge Line Temperature (F): 220° max 183 146.5 Discharge Line Temperature (F):; 220° max 180 144 
Discharge Gas Superheat (F): 50° min 51 52 Discharge Gas Superheat (F): 50° min 50 49 
Liquid Line Temperature: 115 84 Liquid Line Temperature: 112 83 
Liquid Subcooling: 17 12 Liquid Subcooling: 20 13 
Evaporator Entering Water Temperature: 83 54.8 Evaporator Entering Water Temperature: 83 52.7 
Evaporator Leaving Water Temperature: 63 47.5 Evaporator Leaving Water Temperature: 63 45.5 
Condenser Entering Water Temperature: 113 81 Condenser Entering Water Temperature: 113 80.2 
Condenser Leaving Water Temperature: 131 91.5 Condenser Leaving Water Temperature: 131 90.3 
Evaporator Pressure Differential: 2 3 
Condenser Pressure Differential: 2 4 Software Version: UCH-SHC-HR.LON.06A.14 


Verify Safety Setting Limits: 


Low saan aie Pressure; Low Pressure: 
[4] 32 [/] 575 [] 92 


Low — High Pressure: Low Pressure: 
[¥] 32 [7] 575 aE 92 


Rep Signature: 
E-Signature: [/] Check Box (Authorized Signature) 


Print Name: Enrique Bordallo 


Doc: SHC onDEMAND® StartupWarranty 
SD #0018 Rev. 213 15 1 


ADDISON ENERGY TECHNOLOGIES, LLC (zTY 


WATER COOLED CHILLER TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 


[CHILLER DATA +d 
ee 


TONS 
ELECTRICAL _[NAMEPLATE| ACTUAL ELECTRICAL [NAMEPLATE] ACTUAL 
VOLTAGE 


143.40 
% LOADED fe ee] % LOADED 


PERFORMANCE DATA PERFORMANCE DATA 


| __ EVAPORATOR __| DESIGN | ACTUAL |||___EVAPORATOR | DESIGN | ACTUAL _ 
ee 2 PM 

a ee a ee a 

| eNTWwaTertemp’s | 5400 | + iil ENT WATER TEMP 
|_ivGwartertempF | 4400 | + ii LVG WATER TEMP 


[CONDENSER | DESIGN | ACTUAL || CONDENSER | DESIGN | ACTUAL | 
Ss 

a 

ENT WATER TEMP *F 


CONDITIONS [| DESIGN | ACTUAL ||| CONDITIONS | DESIGN | ACTUAL 


OUTSIDEAIRDB’F | - | * | OUTSIDE AIR DB ‘F 
OUTSIDEAIRWB‘F |  - | * | OUTSIDE AIR WB ‘F 


REMARKS: * SEE MANUFACTURER'S START UP SHEET. 


TECHNICIAN: JM TEST DATE: 6/28/2015 
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CLIMA@COOL 


Startup and Warranty Registration Form (SHC onDEMAND®) 


Sign, date and E-mail to: technicalsupport@climacoolcorp.com or Ambient 

Fax: 405.815.3052 Attn: Technical Support Temp: 87 Page 1 of 1 
Project Name: 473 Contractor Name: — SafeAire Heating & Cooling 

Address: 5500 WALKER AVE.MARINE CORPS LOGISITCS BASE Address: 3199 Palmyra Road 

City/State/Zip: Albany, GA 31704 City/State/Zip: Albany, GA 31707 

Startup Date: 3/27/15 Phone No.: 229-789-0124 
es 
Model No.: UCHO85AFASAWBOS Model No.: GSD80485VAB421 

Serial No.: 01413210186 Serial No.1: 2786300446 

Chiller No.: 4 Bank No.: 1 Serial No. 2: 2786300447 

Evaporator: 46.3/87.5 8.8 AP Evaporator: Yes [] NIA 

Condenser: 31.2/ 27.0 4.2 AP Condenser: Yes [] NIA 

Source: 53.9/51.3 2.6 AP Source: Yes CL) NIA 

"Flow devices" shut off chiller below 40% of flow for Cool & Source loop and 25% for Heat loop: Yes 


For initial MANDATORY water samples, bottles are provided. 
Follow instructions on label and mail the same day sample is taken. 


> All wiring terminations in module panel, safeties and compressors tightened: 7] Yes CL] No 
> Rotation of scroll compressor is correct: 4) Yes LJ 
L1273 iL 272 L3 274 L1/L2 470 L2/L3 472 L1/L3 473 


Low Voltage (24V): 24.3 


Compressor Circult #1 Compressor Circult #2 


Amperage: L1 442 L2 45.9 L3 4438 Amperage: L1 44 L2 45.5 L3 44.2 
HEAT COOL HEAT COOL 
Sight Glass Oil Level: 1/3 1/3 Sight Glass Oil Level: 1/2 1/2 
Suction Pressure: 159 121 Suction Pressure: 162 121 
Suction Temperature: 77.3 60.7 Suction Temperature: 72.6 60.4 
Compressor Superheat: 21.5 19.9 Compressor Superheat: 15.5 19.2 
Discharge Pressure: 487 352 Discharge Pressure: 493 304 
Discharge Line Temperature (F): 220° max 180 158.5 Discharge Line Temperature (F): 220° max 177 144.3 
Discharge Gas Superheat (F): 50° min 58 51 Discharge Gas Superheat (F): 50° min 44 47 
Liquid Line Temperature: 112 93 Liquid Line Temperature: 113 82 
Liquid Subcooling: 20 13 Liquid Subcooling: 19. 16 
Evaporator Entering Water Temperature: 85 60.7 Evaporator Entering Water Temperature: 85 60 
Evaporator Leaving Water Temperature: 63 51.9 Evaporator Leaving Water Temperature: 63 50.9 
Condenser Entering Water Temperature: 115 80 Condenser Entering Water Temperature: 115 80 
Condenser Leaving Water Temperature: 130 92.5 Condenser Leaving Water Temperature: 130 92.5 
Evaporator Pressure Differential: 2 4.0 
Condenser Pressure Differential: 2 2.5 Software Version: UCH-SHC-HR.LON.06A.14 


Verify Safety Setting Limits: 


Low = High Pressure: Low Pressure: 
[/] 32 [7] 575 al 92 


Rep Signature: 
E-Signature: [/] Check Box (Authorized Signature) 


Low aa wae Pressure; Low Pressure: 
[/} 32 [/] 575 [] 92 


Print Name: Enrique Bordallo 


Doc: SHC onDEMAND® StartupWarranty 
SD #0018 Rev 21315 1 


ADDISON ENERGY TECHNOLOGIES, LLC TY 


DRY COOLER TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 


COOLING TOWER DATA FANMOTOR [NAMEPLATE] ACTUAL 
MANUFACTURER 
HP / BHP ee 


SERVICE CONDENSER PHASE / HZ 3/60 
VOLTAGE a a 


AMPS 1 3.15 


AMPS 2 
AMPS 5 : 
AMPS 6 
AMPS 7 
AMPS 8 
SST eee) AMPS 12 
ee | AMPS 13 
ee (ne AMPS 14 
ee AMPS 15 
aaa AMPS 16 
ee 
es ee 
eee | 
— 


MOTOR RPM * 


REMARKS: * SEE MANUFACTURER'S START UP SHEET.+ 


TECHNICIAN: JM TEST DATE: 6/28/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC TY 


DRY COOLER TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 


COOLING TOWER DATA FANMOTOR [NAMEPLATE] ACTUAL 
MANUFACTURER 
HP / BHP ee 


SERVICE CONDENSER PHASE / HZ 3/60 
VOLTAGE a a 


AMPS 1 3.15 


AMPS 2 
AMPS 5 : 
AMPS 6 
AMPS 7 
AMPS 8 
SST eee) AMPS 12 
ee | AMPS 13 
ee (ne AMPS 14 
ee AMPS 15 
aaa AMPS 16 
ee 
es ee 
ee || 
a 


MOTOR RPM * 


REMARKS: * SEE MANUFACTURER'S START UP SHEET. 


TECHNICIAN: JM TEST DATE: 6/28/2015 
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CHECKLIST DE INSTALACION PARA GUNTNER 
CONDENSADOR Y AEROENFRIADOR 
1.- INFORMACION GENERAL 


NOMBRE DEL PROYECTO: S FO 3~49 
GLIENTE: 

CIUDAD, ESTADO. PAIS: 
MODELO DE CONDENSADOR: 


atad VOLTAJE: @, 
FASES: SS eee 


NUMERO DE SERIE; FRECUENGIA: &S 
l- INSTALACION MECANICA 
Montaie de MCH/MFH 
1.5 veces el | 1.5 veces ef 
ancho ancho Altura de las ; 
1.25 veces el patas 1 { i ‘ | 


ancho 


0.5 veces la | 0.5 veces Ia 
longitud jong, 


bail ad WTS 
long. long. 


ancho anchoa Altura de las oe 
1,25 veces el patas 
ancho ancho a 
0.8 veces la 
0.5 veces la |] 0.5 veces la 
longitud long. 
altura 
6.5 veces la 
long. long. 


“ y 
tae 


m) 
+ 
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CHECKLIST DE INSTALACION PARA GUNTNER 
CONDENSADOR Y AEROENFRIADOR 


iL- INSTALACION MECANICA (Continuacién) a 
a) ¢Hay dafos de embarque? ee =) a 2 cf ad. { ja 


Stig ato Pascctnalt 6 Weds dentin a be 2. 


Este dano, impide el arranque de la unidad? (Si 9 No) 
b) ZEl condensador firmemente soportado? (Slo Ne) =>7 
¢) ,El condensador tiene instalado dampers? (Sio No) _ AZO 
d) ZEI condensador esta nivetado? (SioNo)_3 7 L fede 
€) gHay tomillos o tuercas flojos? (Sio No) Ge Vantilador( ) Soporte( )Placavent{ )Biock({ | >} 
1) Aécesos para sevicio de mito y/o reemplazo: Ventiiadores (Bien, Mal, NA) 
Serpentin (para limpieza) (Bien, Mal, NA) 
Caja de conexiones eléciricas (Bien, Mal, NA) 
Tablero de coniol (Bien, Mal, NA) 
Inlerruptores de reparacién (Bien, Mal, NA) 


Hi INSTALAGION ELECTRICA 

a) Verificar suministre wisetrico de acuerdg a unidad Voltgje ~ TH 

5) Vetificart conexién a tierra (Si o No} Po 

¢) Verificar capacidad del circuito de proteccidn Amperes ~ Ken | or 
@) Verificar calibre de cables de alimentacion principal Calibre 0 MOM__ 27 

®) Verificar tuberiz conduit no tenga filos en contacto con cables (SiaNo) 475 

f) Veniicar conectores glandula apretadas (Si'o No) Se 

g) Verificar terninales apretadas en caja de conexiones {Si.a.No) : 

h) Modelo ce ventiladores instalados 

i) Cantidad de ventadores instalados 

h) Verificar conexién de ventitadoras de acuerdo a su voltaje Voltaje Conexidn ( Y, ») ok CC 
i) Verificar conexidn de proteccion térmica de cada veniilader TK’s (Si o No} 

)) Verilicar cartexién de interruptor de servicio (Sic No) Ss 

k) Verificar (erminales apretadas en tablero léctrica (Sio No). Se 


!) Gomentarios sobre ja instalacion eldctrica: l [ / / L, oe L , 
— 2 we BY 
BA SoM 


1V.- INSTALACION DE REFRIGERACION PARA CONDENSADOA 


a) Verilicar tuberia de desearga Diametro 
Tiene trampa aire (Sio No) __ 


Cabre 6 Acero? 
Tiene valvula de purga de aite (Sj a No} 


5) Verificar twberia de cofidensado Cobre 5 Acero? 


4 


¢) Tiene serpentin subentriador Hy 
d) Tiene sifon entre condensad 

@) Tiene el recibidor entre 
i) gSe hizo ta prueba de fugg sAdor’? 
9) En la prueba de fugas sefiifizo: detectgt fegzutre )Aguajabonosa( )Owo st | 


h) Tiene sistema de espregdd 
() Verilicar fs direccion ofcad ¢Cudntas espreas estan irstaladas? 


k) Comentarios sobre la instalacién de ratrigeracitn: 


OO COCO EEE 
eee 
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CHECKLIST DE INSTALACION PARA GUN TNER 
CONDENSADOR Y AEROENFRIADOR —te - 


V.- INSTALACION HIDRAULICA PARA AEROENFRIADORES 


# 
a) Verificar tuberia de entrada Diametro 1 ve Cobre 9 Ager? ya 
Sir ae 


Tiene valvula de puraa de liquide (Si o No) 


b) Verificar uberia de salida rents. Oe Cobreoncero? fen 
Tiene pines Pata “sane ONO) -< a : 
¢) Tiene vaivula de purga de aire (Sic No) _ ee ,Dénde esta nee eS L| ex Ade 
dd) Bamba: Marca —— Modelo 
RPM —— Patencia de} motor = HP 

e) Tanques {Cuantos tanques hay? Tnathed 

Volumen del tanque al Esta aisiado termicamente? {Si o No} 

2Es tanque abierto? (Si o No) —- Es tanque cerrado a presién? (Si o No} 


f) Tiene sistema de espreado para enfriamiento por agua? {Si o No) Ai S 
g) Veriticar la direccion de cada esprea (Si o No) _Cuantas espreas estan instaladas? AME 


, 


h) zHay tugas en et sisterna? (SI o No) he 


i) Se localizaron y repararon fugas en: 


a) Hacer diagrama de flujo del proceso indicanda Aeroeninadores, tanques, bombas, carga, y punjos abiertos a la atmostera 


Personal de Gintner: Cliente: 
Nembre Nombre 
| Firma 
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CHECKLIST DE OPERACION PARA GUNTNER d 
CONDENSADOR Y AEROENFRIADOR ~ 


L.- INFORMACION GENERAL , L 
NOMBRE DEL PROYECTO: ace! ¢ i < 


CUENTE: é Ff He tea oar Pres lonic 
CIUDAD, ESTADO. PAIS: 
MODELO DE conpensapor: S— GF; a ZeT w~42f 
NUMERO DE SERIE: 
I.- OPERACION DE V! ADORES 
a) Voltaje ata Voitios e) El ventitador vibra? (Si, No} A4o 
b) Frecuencia Hertz {) El ventilador tiene ruido? (Si), No} Ve rr | 
c) Corriente Amperios Gg) Hay obstruccidn extema al llujo de aire? (Si, No) 
d) Santide de giro earrecto (Si, No) Ss E h) L.Hay vibracién en toda la unidadt? (Si 6 No} wt 


\) Comentarios sobre la operacion de ventiladores 


lll. OPERACION DE CONDENSADOR 

a) Retrigerante Flolshea 

Db) Evaporacion =P = psig T= °C 

¢) Condensacién P = psig T= cc 

d) Temperatura del gas entrando- T= 4C 

e) Temperatura del liquido salienco T=_ 4 ac OF 
f) Temperatura ambiente a 10m de fa unidad: pe 

9) Temperatura del aire entranco a fa unidad: ee 

hj Temperatura del aire saliendo de la unidad: ———— 

\) Velocidad promedio del aire en block Vel = ms 

}) LEs14 obstruido el serpentin? (Si o No) to Saro( ) Polvo( ) Otros: £ e sf. + 


k) Tiene sistema de espreado para enfriamiento por agua? (Si a No} 
1) Esta ajustado para trabajar maximo 240 horas por ano? (Si o No) 
m) ;Usan tratamiento de aqua? (Si 0 No) CF Que tina de tratamiento? ee Lt S 

n) Se tomé muestra del aqua de espreado: (Sio No) _ 4 1 Tamafio de ta muestra: —— ml 


©) Comentanos sabre ta operacién de co nsacore ; 
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CHECKLIST DE OPERACION PARA 
CONDENSADOR Y AEROENFRIADOR 


{V+ OPERACION DE AEROENFRIADOR 


a) Fluido: Agua ( ) Etilengticol ( ) Propitenglical ( ) Otro: 
6) Concentracion Fe, 

¢) Temperatura tluido entrande Tent= 

d} Temperatura tluido saliendo Tsale 

e} Temperatura ambiente 2 10m de ta unidad: a 
{) Temperatura del aire entrando a ta unidad- os —_—__ 9, 
g) Temperatura del aire saliendo de {a unidad: T= *c 
h} Prasién fluide entrando Pent « psig 

|) Presion (luido saliendo Psal ~ psig 

|) Se tom6 muestra det fluido; (Si o No) Tamafio de la muestra: 
k) Sa midio tlujo en tuberia entrada: (Si o No) Flujo medido 
|) Se midié flujo en tuberia salida: (Si o No) Flujo medido 


m) Tiene sistema de espreacto para entnamiente por agua? (Si o No) 

n) ZEsta ajustado para trabajar maximo 240 horas por afio? (Si o No) 

0) 2Usan tratamiento de agua? (Sio No) 4 QE tipo de tratamiento? 

p) Se tomé muestra de! agua de espreado: (Si o No) Tamano de la muestra: 
Q) Comentarios sobre la operacién de aeroentriadores 


Notas Adicionales: 
Personal de Gintner: ? Cente: 
Nombre J i a po Nombre 
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ADDISON ENERGY TECHNOLOGIES, LLC (zTY 


CIRCUIT SETTER TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 
SYSTEM: COOLING 


P anura [taco | acurzs0 [212 | 15200 [000 | tose [41.10 | 
| anus | taco | acurzso_ | 202 | 15200 | 0.00 | 10523 | 45.20 
| aurea | taco | acurzso | 212 | 15200 | 0.00 | t1265_ | 51.80 
| anu2s | taco | acurzso_ | 212 | 15200 | 000 | 416 | 53.20 
| anusa | taco | acurzs0 | 212 | 15200 | 0.00 | t265_ | 51.80 _ 
| anuss | taco | acurzso | 212 | 15200 | 0.00 | t1208 | 52.10 _ 
pe 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 7/30/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC (zTY 


CIRCUIT SETTER TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 
SYSTEM: BOREFIELD 


NORTH Hvrpeve | 8 | | venturi | 260.00 | 37.20 
MIDDLE uvrerve | oe | = | venturi | 25800 | _ 36.50 
SOUTH uvrerve | oe | = | venturi | 24400 | 32.60 


REMARKS: 


TECHNICIAN: MD TEST DATE: 8/31/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC zTY 


AUTO BALANCING VALVE TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 
SYSTEM: HEATING 


ACTUAL AP ACTUAL 
UNIT MANUFACTURER MODEL GPM RANGE AP 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 7/29/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC CzTy 


AUTO BALANCING VALVE TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 
SYSTEM: HEATING 


ACTUAL AP ACTUAL 
UNIT MANUFACTURER MODEL GPM RANGE AP 


| vav-tsa | oRiswoto | cpparinimwt| 2 | 4.00 | 100 | 26.60 
po 
| vav-225 | crisworn | ceptririnnt| 2 | 370 | 500 | zz | 60 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 7/29/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC CzTy 


AUTO BALANCING VALVE TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 
SYSTEM: HEATING 


ACTUAL AP ACTUAL 
UNIT MANUFACTURER MODEL GPM RANGE AP 


a ee ee GO 
a ee QO 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 7/29/2015 
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o~ 
ADDISON ENERGY TECHNOLOGIES, LLC ra — >) 
: (A4=TY 


AUTO BALANCING VALVE TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 
SYSTEM: HEATING 


ACTUAL AP ACTUAL 
UNIT MANUFACTURER MODEL GPM RANGE AP 


| vav-s26 | oriswor [cpparinimw | v2 [4.00 t00 2.30 
| vav-se7_ | riswoto | cpparinimw| 2 | 4.25 | t.50 |e | 
[waves [~~ riswcio [oar] v2 [vas [0 [ae [20 
| vav-s20 | criswotn | cepuririnnt| v2 | 450 | 500 | zz | to 
| vav-sst_ | riswor | crptminuit | 2 | oso | 050 | 232 | 290 
| vav-ss2 | risworo | cpparinimw| 2 | aso | 250 | eae | 3.20 
[—vavass[—eswo.o —[orarannr| v2 | ~200 [200 [2a [20 
| vav-sa | crisworo | cpparinim| 2 | 300 | 300 | a2 | 2.60 
po 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 7/29/2015 
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ADDISON ENERGY TECHNOLOGIES, LLC 


HEATING / COOLING COIL TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 
SYSTEM: COOLING 


ACTUAL AIR DESIGN WATER 


ENTERING °F | LEAVING °F ENTERING °F | LEAVING °F 


| WB |_crm| DB | 


TEMP °F 


ACTUAL WATER 
TEMP °F 


| DB | | We | bB | we | 
a | = | rsaoof - | - | - | 100.34] 43.00 | 51.60 | 


67.00 
a 
64.00 
55,00 
ae ae 
55,00 
53,00 


53.00 
53.90 


54.00 
52.00 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 7/30/2015 
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sao] - | asaool - | - UL - | 105.25 43.00 | 52.0 | 


a a 
43.00 
43.00 
re ee ee 
43.00 


52.70 


43.00 


ADDISON ENERGY TECHNOLOGIES, LLC =TY 


HEATING / COOLING COIL TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 
SYSTEM: HEATING 


ACTUAL AIR 


> 
(o) 
=| 
ce 
> 
r 
«|5 
= \m 
Ula 
i 


m 
Zz 
= 
IF 
< 
q@ 


105.30 

105.00 

105.00 

105.00 

| 105,00 

: 105.00 
ez 


VAV-105 


5.00 | 105.00 


105.00 
eed ee ee ee ee ee eee 
| 5.50 | 5.00 | 
105.00 
330 105.00 
| | | 105.00 
| | | 105.00 
| | | 105.00 
105.00 

105.00 


VAV-116 390 


REMARKS: 


TECHNICIAN: MD/TB TEST DATE: 7/30/2015 


Page 163 


ADDISON ENERGY TECHNOLOGIES, LLC 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 


LOCATION: ALBANY, GA 
SYSTEM: HEATING 


| vAV-117— esi 
pe 

64.00 
64.00 


REMARKS: 


TECHNICIAN: MD/TB 


ACTUAL AIR 


Lei 


Page 164 


HEATING / COOLING COIL TEST SHEET 


ee eee 


TEST DATE: 7/30/2015 


ACTUAL WATER 


5 


.00 


[2.60 | 5.00 | 
Pa 
| 


° 


=| 
m 
= 
vu 
m1 


m 
Zz 
= 
Cc 
< 
q@ 


105.00 


105.00 
105.00 
105.00 
105.00 
105.00 
105.00 
105.00 
105.00 
105.00 
105.00 
105.00 
105.00 
105.00 
105.00 


he 


ADDISON ENERGY TECHNOLOGIES, LLC 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 


LOCATION: ALBANY, GA 
SYSTEM: HEATING 


VAV-133 
VAV-134 


as (ae 
| vav-201 | 660 


VAV-208 
VAV-209 


VAV-210 1040 | 54.00 


VAV-211 
VAV-212 
VAV-213 285 


REMARKS: 


TECHNICIAN: MD/TB 


fo 


ACTUAL AIR 
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HEATING / COOLING COIL TEST SHEET 


a ae 


TEST DATE: 7/30/2015 


> 
(e) 
=| 
(S 
> 
fe 
= 
x 
m 
a 


m 
Zz 
= 
Cc 
< 
q@ 


| 6.60 | 1.00 | 
a 


— 


=| 
m 
= 
vu 

° 
a 


105.00 
105.00 


105.00 
105.00 
105.00 
105.00 
105.00 
105.00 
105.00 
105.00 
105.00 
105.00 
105.00 
105.00 
105.00 


a 


ADDISON ENERGY TECHNOLOGIES, LLC =TY 


HEATING / COOLING COIL TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 
SYSTEM: HEATING 


ACTUAL AIR DESIGN WATER ACTUAL WATER 


105.00 
90.03 105.00 
90.21 105.00 
97.92 105.00 


(2) 

7 

= 
m 
z 
=| 
m 
ce 
z 
q 
a 
— 
b 
= 
z 
q 
a 


S| 
[aes] 


m 
Zz 
= 
i 
< 
q@ 


VAV-214 71 
VAV-215 37: 
VAV-216 55 
VAV-217 32! 
VAV-220 45 


0 
5 
5 
0 
0 
555 
5 
5 
5 
5 
5 
5 


p= | | | = | | =| 
el 4] || Le | 
; =i Tee 
iA ios 
a ian 
4 90.69 105.00 
2 92.44 105.00 
4 
4 


| vavze2 || 34 
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HEATING / COOLING COIL TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 
SYSTEM: HEATING 
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HEATING / COOLING COIL TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 
SYSTEM: HEATING 


ACTUAL AIR DESIGN WATER ACTUAL WATER 
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HEATING / COOLING COIL TEST SHEET 


PROJECT: MCLB ALBANY GEOTHERMAL HEAT PUMPS WITH USTES BUILDING 3700 
LOCATION: ALBANY, GA 
SYSTEM: HEATING 
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IF YOU DIG GEORGIA... 
CALL US FIRST! 


1-800-282-7411 
UTILITIES PROTECTION CENTER 
IT'S THE LAW 
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1ST FLOOR MECHANICAL ROOM NEW WORK FLOOR PLAN 


N OTES: (THIS SHEET ONLY - CONTINUED) 


SCALE: 44"=1'-0" 
2 1 2 
Oe 
SCALE: Y= 1=e 
= ry Addison Energy Technologies, LLC 
(As ~  MCLB Albany Geothermal Heat Pumps with USTES 
Building 3700 
Albany, GA 
This drawing was modified by Addison Energy Technologies, LLC for 
Commissioning and T&B only. Not to be used for engineering or design purposes. 


@ExistING REFRIGERANT MONITOR, CONTROL AND ALARM SYSTEM TO REMAIN IF IT CAN BE REUSED AND ITS SENSOR, 
REPLACED WITH R-410A SENSOR; OTHERWISE, IT SHALL BE REPLACED. WHEN ACTIVATED, SYSTEM SHALL START EXISTING 
3,300 CFM EXHAUST FAN (NOTE 44) ON HIGH AND OPEN NEW INTAKE LOUVER (NOTE 26) AND ACTIVATE LOCAL AND REMOTE 
ALARM LIGHT/HORN, SEE ALSO NOTE 41 & 42. REFRIGERANT MONITOR SHALL INCLUDE AUXILIARY CONTACTS TO THE FIRE 
ALARM PANEL AND LOCAL DDC SYSTEM. 


PROVIDE NEW TWO-STAGE THERMOSTAT IN PARALLEL WITH REFRIGERANT MONITOR (NOTE 40) TO START NEW LOUVER L-1 
(NOTE 26) AND EXISITNG EXHAUST FAN (NOTE 44) AND LOW SPEED IF ROOM TEMPERATURE RISES ABOVE 85°F AND ON HIGH 
SPEED AT 95°F. ALSO PROVIDE MANUAL OVER RIDE SWITCH TO START FAN ON HIGH AND AN ASHRAE COMPLIANT 
ENGRAVED LABEL STATING "MECHANICAL ROOM EXHAUST FAN. TURN SWITCH ON WHEN ROOM IS OCCUPIED". 

@existine REFRIGERANT ALARM LIGHT AND HORN TO REMAIN FOR REUSE IF OPERABLE; OTHERWISE, REPLACE. 

@ EXISTING SHEET METAL EXHAUST DUCT AND GRILLES TO REMAIN FOR REUSE. SEE NOTE 44 FOR CONTINUATION 


@ EXISTING SHEET METAL EXHAUST DUCT RISES UP THRU SECOND FLOOR SLAB AND CONTINUES UP TO EXISTING 3,300 CFM 
EXHAUST FAN ON ROOF WHICH SHALL REMAIN FOR REUSE. 


@)prowve BAKE LIGHT LABEL AT 5'-0" A.F.F. STATING, "REFRIGERANT VESSELS INSIDE. SWITCH EXHAUST FAN SWITCH TO ON 
POSITION UPON ENTRY". 


(@) MODULAR CHILLER CONTROL PANEL, 
DISTRIBUTED TEMPERATURE SENSING (DTS) CONTROL CABINETIHEAD-IN. SEE DETAIL SHEET M408, 
@) 0c CONTROL PANEL. 


PHASE MONITOR RELAY PROVIDED BY CHILLER MANUFACTURER AND INTERCONNECTED TO CHILLER CONTROLS TO SHUT 
DOWN ALL CHILLERS UPON PHASE LOSS. 


PROVIDE %{" PLYWOOD BACKBOARD FOR DDC CONTROLS, DTS CABINET, ETC. 


BTES SIR PIPING WITH DTS FO CABLE IS ROUTED UNDERGROUND TO BTES BOREFIELD. SEE SHEET M001 FOR 
CONTINUATION AND SHEET M404 FOR INSTALLATION DETAILS. 


SAW CUT AWAY FLOOR SLAB AS REQUIRED FOR INSTALLATION OF NEW PIPING AND CONDUIT AND PATCH BACK FLOOR 
WITH REINFORCED CONCRETE SLAB TO MATCH EXISTING. 


DTS FO CABLE IS ROUTED IN 2" WIDE PLASTIC SLOTTED DUCT WITH HINGED COVER (PANDUCT TYPE G) SUPPORTED ON 2'-0" 
CENTERS OVERHEAD TO DTS HEAD-IN. SEE NOTES 47 AND 54 FOR CONTINUATION. 


@DTS Fo CABLE IS ROUTED IN 2° WIDE PLASTIC SLOTTED DUCT WITH HINGED COVER (PANDUCT TYPE G) SUPPORTED ON 20" 
CENTERS OVERHEAD FROM DTS HEAD-IN TO FLOOR PENETRATION. SEE NOTES 53 AND 55 FOR CONTINUATION. 


@ors FO CABLE FROM HEAD-IN (NOTE 53 AND 54) DROPS ALONG WALL INSIDE OF PLASTIC SLOTTED WALL DUCT WITH 
HINGED COVER (PANDUCT TYPE G) SECURED TO WALL AND ENTERS 2" LONG RADIUS (MIN. 12"R) PVC SWEEP ELBOW AND 
PENETRATES FLOOR SLAB, FOUNDATION WALL AND EXTEND 3'-0" BEYOND BUILDING WHERE IT IS DIRECT BURIED. SEE 
SHEET M101 AND M404 FOR CONTINUATION. 


@®ExisTING PIPING TO REMAIN FOR REUSE. 


: Suite 100 
Macon, Georgia 31210 

Phone: (478) 405-8301 

Det cue Fax: (478) 405-8210 


NOTES: (THIS SHEET ONLY) 


@ GENERAL: SEE PIPING SCHEMATICS FOR ADDITIONAL INFORMATION. 


@ ‘SEE SHEET M001 FOR GEOTHERMAL BTES LOOP PIPING CONTINUATION. 


® MODULAR CHILLER WITH HEATING HOT WATER (HW), CHILLED WATER (CW) AND SOURCE WATER (SW) CONNECTIONS. SEE 
MODULAR HEAT RECOVERY CHILLER PIPING CONFIGURATION SCHEMATIC ON SHEET 304. 


® END SUCTION BASE MOUNTED PUMP, SEE BASE MOUNTED END SUCTION PUMP DETAIL. 


© TERMINATE EXISTING COOLING TOWER PIPING WITH BLIND FLANGE AT NEAREST FLANGE CONNECTION ABOVE FINISHED 
FLOOR (APPROXIMATELY 24" A.F.F.) 


® GENERAL: CONTRACTOR SHALL SCHEDULE SITE VISIT TO EVALUATE AND VERIFY EXISTING CONDITIONS AND ELEVATIONS. 


@ GENERAL: DRAWINGS SHOW GENERAL ARRANGEMENT, LAYOUT, AND LOCATION OF PIPING APPURTENANCES AND OFFSETS: 
THAT MAY BE NECESSARY TO INSTALL PIPING AND CONNECT TO EQUIPMENT ETC. OFFSET PIPING AROUND ALL 
OBSTRUCTIONS. FABRICATE AND INSTALL PIPING, FITTINGS AND OFFSETS BASED ON FIELD MEASUREMENTS AND AT NO 
ADDITIONAL COST TO THE GOVERNMENT, PIPE ROUTING SHOWN ON DRAWINGS SHALL BE ALTERED BY MECHANICAL 
CONTRACTOR WHERE REQUIRED TO AVOID INTERFERENCE AND CLEARANCE DIFFICULTIES. CAREFULLY COORDINATE PIPE 
ROUTING WITH EXISTING ELECTRICAL TO AVOID CONFLICTS WITH ELECTRICAL CONDUIT, CABLE TRAY, LIGHTS, ETC. 
COORDINATE PIPE ROUTING WITH EXISTING PLUMBING PIPES (E.G. SPRINKLER VENT PIPING, STORM DRAIN, DOMESTIC 
WATER, ETC.) TO AVOID CONFLICTS. 


ONE SHOT CHEMICAL FEEDER. SEE ONE SHOT CHEMICAL FEED SYSTEM DETAIL. 


© VERTICAL MOUNTED BLADDER TYPE PRESSURIZED ASME STAMPED EXPANSION TANK WITH 53.0 GALLON ACCEPTANCE 
VOLUME AND 53.0 GALLON TOTAL VOLUME. PRE-CHARGE TANK TO 15 PSIG. 


MAKE-UP WATER STATION. SEE MAKE-UP WATER STATION DETAIL. 

@) TANGENTIAL ASME STAMPED AIR SEPARATOR WITH INTEGRAL STRAINER, DRAIN AND FLANGED ACCESS PORT. SEE AIR 
SEPARATOR DETAIL, MAXIMUM PRESSURE DROP THRU AIR SEPARATOR SHALL NOT EXCEED 5,5 FT, HEAD. MOUNT AIR 
SEPARATOR AS HIGH AS POSSIBLE, 

@ CONCRETE EQUIPMENT PAD. SEE CONCRETE EQUIPMENT PAD DETAIL. 


® GEOTHERMAL BTES LOOP SUPPLY/RETURN PIPING RISES UP THRU MECHANICAL ROOM, SEE MECHANICAL ROOM FLOOR 
PENETRATION/FLOW METER DETAIL. 


VERTICAL MOUNTED BLADDER TYPE PRESSURIZED ASME STAMPED EXPANSION TANK WITH 53.0 GALLON ACCEPTANCE 
VOLUME AND 53.0 GALLON TOTAL VOLUME. PRE-CHARGE TANK TO 15 PSIG. 


VERTICAL MOUNTED BLADDER TYPE PRESSURIZED ASME STAMPED EXPANSION TANK WITH 80.0 GALLON ACCEPTANCE. 
VOLUME AND 80.0 GALLON TOTAL VOLUME. PRE-CHARGE TANK TO 15 PSIG. 


CONNECT TO EXISTING DOMESTIC COLD WATER PLUMBING MAIN. PROVIDE ADAPTER AS REQUIRED. 


Gi) TANGENTIAL ASME STAMPED AIR SEPARATOR WITH INTEGRAL STRAINER, DRAIN AND FLANGED ACCESS PORT. SEE AIR 
SEPARATOR DETAIL, MAXIMUM PRESSURE DROP THRU AIR SEPARATOR SHALL NOT EXCEED 4.5 FT, HEAD, MOUNT AIR 
SEPARATOR AS HIGH AS POSSIBLE, 


TANGENTIAL ASME STAMPED AIR SEPARATOR WITH INTEGRAL STRAINER, DRAIN AND FLANGED ACCESS PORT. SEE AIR 
SEPARATOR DETAIL, MAXIMUM PRESSURE DROP THRU AIR SEPARATOR SHALL NOT EXCEED 6,0 FT, HEAD, MOUNT AIR 
SEPARATOR AS HIGH AS POSSIBLE, 


S-WAY SWITCHING CONTROL VALVE 

SUCTION DIFFUSER WITH SUPPORT FOOT, STRAINER AND MAGNET. PROVIDE TEMPORARY FINE MESH STRAINER DURING 
START-UP, REPLACE WITH STANDARD STRAINER MESH AFTER CLEANING AND START-UP OF PIPING SYSTEM. MAXIMUM. 
PRESSURE DROP THRU SUCTION DIFFUSER SHALL NOT EXCEED 2.2 FT. HEAD. 
SUCTION DIFFUSER WITH SUPPORT FOOT, STRAINER AND MAGNET. PROVIDE TEMPORARY FINE MESH STRAINER DURING 
START-UP. REPLACE WITH STANDARD STRAINER MESH AFTER CLEANING AND START-UP OF PIPING SYSTEM, MAXIMUM 
PRESSURE DROP THRU SUCTION DIFFUSER SHALL NOT EXCEED 2.2 FT. HEAD 

(@) suction DIFFUSER WITH SUPPORT FOOT, STRAINER AND MAGNET. PROVIDE TEMPORARY FINE MESH STRAINER DURING 
START-UP. REPLACE WITH STANDARD STRAINER MESH AFTER CLEANING AND START-UP OF PIPING SYSTEM, MAXIMUM 
PRESSURE DROP THRU SUCTION DIFFUSER SHALL NOT EXCEED 2.6 FT. HEAD. 

® SUCTION DIFFUSER WITH SUPPORT FOOT, STRAINER AND MAGNET. PROVIDE TEMPORARY FINE MESH STRAINER DURING 
START-UP, REPLACE WITH STANDARD STRAINER MESH AFTER CLEANING AND START-UP OF PIPING SYSTEM. MAXIMUM 
PRESSURE DROP THRU SUCTION DIFFUSER SHALL NOT EXCEED 2.7 FT. HEAD. 

CONNECT NEW PIPING OF INDICATED TYPE AND SIZE TO EXISTING PIPING AT THIS APPROXIMATE LOCATION, CONTRACTOR| 
SHALL REMOVED EXISTING FLEX CONNECTORS AND CONNECT PIPE MAIN TEE ASSEMBLY AT EXISTING FLANGE AT WHICH 
THE EXISTING FLEX CONNECTIONS ARE LOCATED. 

® CONNECT DOMESTIC COLD WATER PIPING OF INDICATED SIZE AT THIS APPROXIMATE LOCATION TO DRY COOLER LOCATIO! 
AS INDICATED. CONTRACTOR SHALL PROVIDE ISOLATION BALL VALVES, PRESSURE REDUCING VALVE, WATER METER, 
PRESSURE GAUGE, CHECK VALVE AND PRESSURE RELIEF VALVE (SET AT 50 PSIG) AS INDICATED. 


NEW COMBINATION LOUVER INSTALLED IN EXISTING OPENING. ACTUATOR PROVIDED AND INSTALLED BY MECHANICAL, 
WIRED BY ELECTRICAL. SEE COMBINATION LOUVER DETAIL. 


@ HOT WATER HYDRONIC UNIT HEATER WITH HORIZONTAL DISCHARGE. SEE HOT WATER UNIT HEATER DETAIL. 

CONTRACTOR SHALL INSTALL GATE VALVE AND LINE-SIZED TEE ASSEMBLY AT THIS APPROXIMATE LOCATION. SEE PIPE 
MAIN TEE CONNECTION DETAIL. CONTRACTOR SHALL INSTALL THIS ASSEMBLY DURING WEEKEND WHEN TRANSITION TO. 
TEMPORARY EQUIPMENT |S OCCURRING. 

COMMON/BRIDGE PIPING BETWEEN PRIMARY AND SECONDARY LOOPS, 

LOCATION OF ELECTROMAGNETIC FLOW SENSOR, SEE ELECTROMAGNECTIC FLOW SENSOR DETAIL. 


@ HEAVY DUTY THERMOSTAT WITH LOCKING COVER. THERMOSTAT SHALL BE BY MANUFACTURER; INSTALLED BY 
MECHANICAL; WIRED BY ELECTRICAL. 


@veriase FREQUENCY DRIVE. PROVIDED AND INSTALLED BY MECHANICAL. WIRED BY ELECTRICAL. 


® DUPLEX DE-ALKALIZER TANKS/SYSTEM AND CONTROLS TO TREAT MAKE-UP WATER FOR ADIABATIC DRY-COOLER, SEE 
DETAIL ON SHEET M407. 


BRINE TANKS SERVING DE-ALKALIZER AND WATER SOFTENER SYSTEM. SEE DETAIL ON SHEET M407, 
® DUPLEX WATER SOFTENER AND CONTROLS TO TREAT MAKE-UP WATER FOR ADIABATIC DRY-COOLER. 


@ESTCP 
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INSTALL GEOTHERMAL HEAT PUMPS WITH UNDERGROUND kev. 


APPROVED 


water METER CONNECTED TO DDC SYSTEM TO MEASURE INLET WATER USAGE OF WATER SOFTENERIDE-ALKALIZER AND 
BACKFLUSH OF WATER SOFTENERIDE-ALKALIZER. 


@water METER CONNECTED TO DDC SYSTEM TO MEASURE NET WATER DELIVERY (OUTPUT) OF WATER 
‘SOFTENERIDE-ALKALIZER. 


@)water METER CONNECTED TO DDC SYSTEM TO MEASURE WATER VOLUME OF BY-PASS WATER, 
BALANCE VALVE WITH MEMORY STOP. 
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EXISTING HOT WATER MAINS AND BRANCH RUN-OUTS UP TO THE ISOLATION VALVES AT EACH VAV BOX SHALL 


REMAIN FOR RESUSE (TYPICAL). 
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Project Summary 
The Building 3700 is served by a total of six Air Handling Units arranged in sets of two serving each floor 


level. The set layout is with a left hand and right hand unit each having a supply air and return air 
distribution duct network, but sharing a common outside air supply (OAS). The OAS is provided via a 
rooftop installed Energy Recovery Unit (ERU). 


The GHP/USTES is a stand-alone and separately controlled source water supply system. A total of 99 
VAV boxes were upgraded and/or replaced within the Scope of Work for the GHP/USTES specification. 
Individual piping runouts for the VAV boxes remain unmodified up to the respective isolation valves at 
each VAV. Existing thermostats and wiring were scheduled to remain in place, and were reused. 


Addison Energy Technologies (AET) was hired as an independent third party to ensure that the building’s 
HVAC systems were installed properly and operating as intended by the design, specifications, and the 
Owner’s operational needs. An AET employee was present on-site for six weeks during the construction 
phase to perform Installation Verification and Functional Performance Testing. These visits identified 
problems early so they could be addressed with minimal cost implications and ensure high quality 
building operation for the owner. 


New System Commissioning 
The Final Issues Log for the newly installed systems is provided as appendix A to this final commissioning 
report (35 pages). A total of 53 issues were identified and only 1 item remains open. 


Existing System Commissioning 

The Existing System Commissioning effort focused on the existing Air Handing Units (AHUs) and an 
existing Energy Recovery Unit (ERU), all of which had been previously modified, but not as a certain 
effort of the current GHP/USTES Project. The commissioning of six Air Handling Units (AHUs) and the 
Energy Recovery Unit (ERU) in Building 3700 at MCLB Albany Georgia occurred on July 29-31, 2015. 


The AHU and ERU equipment was observed to be deficient in several areas for each unit. The primary 
area of deficiency is that “ALL” dampers were in fixed positions, which nullified any normal control 
capability for air flows — e.g. outside air supply, return air volume, supply air volume. The flow was 
intended to be manipulated by increasing or decreasing fan speed only. The SOP is not functional as 
result of above-mentioned fixed damper positions. Additionally, the effectiveness of the ERU could not 
be determined, as it too, is not functional per its normal SOP. The lack of a normal functional SOP 
prohibits the control of supply temperature reset conditions. It was also determined that because the 
equipment is essentially setup for Occupied Mode on a 24/7 schedule, all normal energy savings from 
unoccupied setbacks cannot be achieved. 


Many sensors, such as duct static pressure, freeze stats, do not shutdown equipment — some are 
circumvented and others appear to have not been included in the control programming. Additionally, 
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the freeze stats have not been set uniformly — some are set to 45°F and others are set to 35°F (A setting 
of 45°F would be normal for a single stage stat.). In addition, the above-referenced sensors do not 
“Alarm” at the front BAS unit. 


It is recommended that the deficiencies need to be corrected and followed with a formal Re- 
commissioning. By definition, this is “Commissioning to be performed in a building whose HVAC System 
was commissioned previously, either during construction or occupancy.” The Re-commissioning process 
will develop documentation and establish operational conditions for continued cost savings 
performance over time in several areas: 


e DDC sequences of operation will start/stop air handlers depending on respective space 
occupancy. 

e Variable ventilation systems will be verified for correct operation. 

e Hot Water systems will maintain hot water set points based on outside air temperature. 

e = Chiller systems will maintain chilled water supply set points based on the outside air 
temperature. 

e Dampers that are normally controlled by the DDC system will modulate based on space 
occupancy or space temperature set points. 

e Maximize energy savings from implementation of various control strategies in order to alleviate 
occupant comfort problems. 


At a minimum, scope of work for Re-commissioning should include the following: 


e Review of existing sequence of operation for each AHU. 

e Review of occupied space conditions to identify thermal comfort problems. 

e Review of design drawings and compare existing space conditions with design. Verification and 
recalibration of damper actuator(s) operation, or replacement of each as applicable. 

e Verification of economizer operation. 

e Test and balance of airflows at each AHU after all deficient components and devices have been 


replaced and/or calibrated. 


e Identification and verification of optimum locations for different sensors. 

e Recalibration of temperature, static pressure sensors, etc. 

e Validate the graphics on the host front end computer (if applicable). 

e Test and balance CHW and HW flows through AHU coils 

e Estimate costs for all the major repairs. 

e Functional test of the control loop sequence of operations. 

e Check operating functional performance of AHU, exhaust fan, and chiller. 

e Check correct operation and calibration of all analog and digital points (point-to-point). 
e Check actuators, valves, and dampers for proper operations. 

e =Check for valve leak through. 

e Develop a comprehensive report including field observations, test data and results. 
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The Final Issues Log for the existing systems is provided as appendix B to this final commissioning report 
(5 pages). A total of 87 issues were identified. None of the issues have been addressed to the best of 
our knowledge. 


The following appendices have been attached to the final commissioning report. 

Appendix A — Final Commissioning Issues List for New Systems (35 pages) 
Appendix B — Final Commissioning Issues Log for Existing Systems (5 pages) 
Appendix C — Commissioning Field Reports (77 pages) 


Appendix D — Start-up Reports (16 pages) 
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Final Commissioning Issues List for New Systems 


Construction 
Issues 


Construction Issues | Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal Thermal Energy Storage Building 
3700 MCLB Albany | 960 (ESTCP No. EW-200135) 


FO-1-1 


Exhaust fan EF-1 is not operational per plan and duct work is in poor Assigned To SafeAir 
condition. Asset #4) HVAC 
Discipline Mechanical 
Drawing M201 
Due Date 6/11/2015 
Created By Mike Sabo 
Identified On 6/4/2015 5:36 AM 


Exhaust fan is operational. The wall stat was verified to energize the fan. The ductwork remains in poor condition and should be 
repaired. Currently, if a refrigerant leak were to occur the refrigerant would not properly be removed from the building. This is a 
safety issue. 

Mike Sabo on 12/14/2015 at 02:22 PM 
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Construction Issues | Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal Thermal Energy Storage Building 
3700 MCLB Albany | 960 (ESTCP No. EW-200135) 


Closed 52 records 


FO-4-4 


At the Dry Cooler location two junction boxes, one labeled P-9(NEMA 4x) Assigned To MetroPower 

and a PVC junction box, both located below electrical panel DP-LICC have Asset '4/ Electrical 
liquid tight connectors penetrating the top side of both boxes. If the topside Discipline Electrical 

of the box is to be penetrated then a Myer's Hub should be used to ensure a Created By Paul Southwell 
sealed connection. Identified On 7/22/2015 1:06 PM 


Contractor reported that the existing connections are equivalent to Myer's Hubs 
Mike Sabo on 12/14/2015 at 01:45 PM 


Construction Issues | Printed on 12/14/2015 | Page 3 of 35 


GAlloy 


Construction Issues | Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal Thermal Energy Storage Building 
3700 MCLB Albany | 960 (ESTCP No. EW-200135) 


FO-4-3 

The electrical panel, MDP-LIC, located adjacent to the main switchgear is Assigned To MetroPower 
no longer feeding equipment that use to occupy the mechanical room. The Asset !4/ Electrical 
remaining breakers need to be identified and the electrical schedule should Discipline Electrical 

be updated to eliminate any possibility of injury due to mislabeled breakers. Created By Paul Southwell 


Identified On 7/22/2015 12:55 PM 


A new panel directory was created. 
Mike Sabo on 12/14/2015 at 01:45 PM 
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Construction Issues | Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal Thermal Energy Storage Building 
3700 MCLB Albany | 960 (ESTCP No. EW-200135) 


FO-4-2 GIES) | 
Provide laminated plastic nameplates for each switchboard, Created By Paul Southwell 
equipment enclosure, relay, switch, and device; as specified in this Identified On 7/22/2015 12:37 PM 


section or as indicated on the drawings. According to electrical drawings, 
the existing breakers located in the distribution section of the switchboard 
are to be relabeled as "SPARES" since all of the new equipment was being 
fed from the new distribution section of the switchgear. 


Laminated, plastic nameplates have been added. 
Mike Sabo on 12/14/2015 at 01:44 PM 


First verify that these breakers are not being used(remove wiring if not used) and provide the appropriate laminated nameplates 
indicating the breaker is a spare. 
Paul Southwell on 07/22/2015 at 12:37 PM 
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Construction Issues | Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal Thermal Energy Storage Building 
3700 MCLB Albany | 960 (ESTCP No. EW-200135) 


FO-4-1 


358.12 Uses Not Permitted. EMT shall not be used under the following Assigned To McKenney's 
conditions: Where, during installation or afterward, it will be subject to Asset ™ Dry Cooler 
severe physical damage.(3/4" PVC was observed at the rear of both dry Discipline Electrical 
coolers coming out of the gravel and terminating on the back of the dry Drawing n/a 

coolers) Due Date 8/5/2015 


Created By Paul Southwell 
Identified On 7/22/2015 12:28 PM 


The referenced conduit is part of the temporary monitoring system installed by the design engineer, AHP. Reportedly, the 
government has approved the as-built condition. 
Mike Sabo on 12/14/2015 at 01:44 PM 


Typically, these raceways would be installed using either rigid or IMC conduit, anchoring the conduits utilizing the appropriate 
strap, i.e., kendorf channel. 


Paul Southwell on 07/22/2015 at 12:28 PM 
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Construction Issues | Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal Thermal Energy Storage Building 
3700 MCLB Albany | 960 (ESTCP No. EW-200135) 


FO-3-2 


The piping arrangement for the BTES loop chemical feeder is not per plan. Assigned To Owner 

The supply is from the high pressure side of the BTES pumps. The return is Asset Source Water Loop 
to the low pressure side of the SW pumps (upstream of the BTES/SW Discipline Mechanical 

decoupler). Because the SW and BTES loops have different pressures (by Drawing M301 

design) there could be a scenario where the return of the chemical feeder is Due Date 7/2/2015 

at a higher pressure than the supply. This will cause reverse flow through Created By Mike Sabo 

the feeder and coupon rack. Per the chemical treatment vendor, this is not Identified On 6/18/2015 12:50 PM 


desired. The owner should provide approval of the installed condition or 
provide a corrective course of action. 


Currently, the control programming is such that the BTES loop piping will constantly be 10 GPM higher that the Source loop. This 
will result in proper direction of flow in the chemical treatment system. 
Mike Sabo on 12/14/2015 at 01:48 PM 


MODERATE 


Five of the Automatic Air Vents (AAV) shown on plans M301, M302, and Assigned To SafeAir 
M303 are missing. Asset Source Water Loop 
Discipline Mechanical 
Drawing M301, M302, M303 
Due Date 7/2/2015 
Created By Mike Sabo 
Identified On 6/18/2015 12:38 PM 


FO-3-1 G@=s=) 


The AAVs have been added in different places. This is reportedly per chiller manufacturer recommendations. 
Mike Sabo on 12/14/2015 at 01:49 PM 
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Construction Issues | Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal Thermal Energy Storage Building 
3700 MCLB Albany | 960 (ESTCP No. EW-200135) 


FO-2-32 


At the dry-cooler area, a NEMA 4X plastic enclosure is located below the Assigned To MetroPower 
NEMA 8R electrical panel. Instead of using a back panel for mounting Asset ™, Wiring 
terminal blocks within the enclosure, the back wall of the water-proof ® Wiring 


taf Electrical 
Discipline Electrical 
Due Date 7/1/2015 
Created By Paul Southwell 
Identified On 6/17/2015 11:16 AM 


enclosure has been penetrated. These penetrations will allow moisture to 
enter the enclosure. 


The penetrations have been sealed. 
Mike Sabo on 12/14/2015 at 01:50 PM 


FO-1-15 


The final configuration of the chilled water coils (2-way or 3-way valves has Assigned To Owner 
to be established before balancing pumps. Recent testing indicated the Asset & Air Handling Unit 
3-way valves should remain. Discipline Mechanical 


Drawing Mech 
Due Date 6/11/2015 
Created By Mike Sabo 
Identified On 6/4/2015 11:51 AM 


The 3-way valves have been left in place and are valves off or opened less than 10% open to allow minimal flow. 
Mike Sabo on 12/14/2015 at 01:59 PM 
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FO-2-31 Gms) 

Verification of the following: Distribution Panel Enclosure Cabinetry: Verify Assigned To MetroPower 

that ground bus is not bonded to neutral at Panel DP-L1CC. Enclosure is Asset Wiring 

grounded and resistance to ground meets grounding specifications. Wiring 
Electrical 


Discipline Electrical 
Drawing Panel Construction Checkl 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 11:38 AM 


Administratively closed. 
Mike Sabo on 12/14/2015 at 01:59 PM 


MetroPower has verified the requirements of FO-2-31 have been met. 
Paul Southwell on 06/12/2015 at 10:57 AM 


FO-2-30 Gms=) Get 

Verification for the following: Assigned To MetroPower 

4. Ckt SWBD-B-1/Chiller-1 /3#2/0, #6G / 2" conduit. Asset % Wiring 

2. Ckt SWBD-B-2/Chiller-2 /3#2/0, #6G / 2" conduit. Wiring 

3. Ckt SWBD-B-3/Chiller-3 /3#2/0, #6G / 2" conduit. Electrical 
4. Ckt SWBD-B-4/Chiller-4 /3#2/0, #6G / 2" conduit. Discipline Electrical 

5. Ckt SWBD-B-5/Chiller-5 /3#2/0, #6G / 2" conduit. Drawing’ E102 

6. Ckt SWBD-B-6 /P-1 / 3#6,#10G / 1" conduit Due Date 6/18/2015 

7. Ckt SWBD-B-7 /P-2 / 346,#10G / 1" conduit Created By Paul Southwell 
8. Ckt SWBD-B-8 /P-3 / 3#8,#10G / 3/4" conduit identiied Onog/2015 11:37 AM 
9. Ckt SWBD-B-9 /P-4 / 3#8,#10G/ 3/4" conduit 


10. Ckt SWBD-B-10 /P-5 / 3#4, #8G/1 1,4" 

11. Ckt SWBD-B-11 /P-6 /3#4, #8G/1 1,4" 

12.Ckt SWBD-B-12 /P-7 / 3#12, #12G / 3/4" conduit 

13. Ckt SWBD-B-13 /P-8 / 4#12,#12G / 3/4" conduit 

14. Ckt SWBD-B-14 /DC-1 / 4#12/#12G / 3/4" conduit 

15. Ckt SWBD-B-15 /DC-2 / 4#12,#12G / 3/4" conduit 

16. Ckt SWBD-B-16 /Chiller Phase Loss / 4#12,#12G / 3/4" conduit 


Administratively closed. 
Mike Sabo on 12/14/2015 at 02:00 PM 


MetrOPower has verified that all circuits added meet the above specifications. 
Paul Southwell on 06/12/2015 at 10:55 AM 
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FO-2-29 & i 
Verification for the following: Assigned To MetroPower 
Ground rods shall be copper-clad steel, with minimum diameter of Asset Wiring 


3/4 inch and minimum length of 10 feet. 


Clectrical 
Discipline Electrical 
Drawing Specification Section 26 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 11:27 AM 


Administratively closed. 


Mike Sabo on 12/14/2015 at 02:00 PM 
Metro Power has confirmed ground rod added does meet specifications 
Paul Southwell on 06/17/2015 at 10:41 AM 


Does ground rod added meet specifications? 


Paul Southwell on 06/12/2015 at 10:54 AM 


FO-2-28 LOW 
Verification based upon the Grounding System Construction Checklist: Assigned To MetroPower 


1.Requested documentation submitted:Manufacturer’s cut sheets. Asset Wiring 
2.Requested documentation submitted:Installation and startup manual and Wiri 
plan. 

3.Requested documentation submitted:O0&M manuals. 

4. Requested documentation submitted:Warranty Certificate 

5.Installation Checks: Grounding electrodes have been installed in 
accordance with drawings and specifications. 

6.Installation Checks: Connections to grounding electrodes have been 
made in accordance with manufacturer’s specifications. 

7.Installation Checks: Grounding conductors have been routed in 
accordance with the drawings and specifications. 

8. Installation Checks: Grounding conductors have been properly terminated 
at the service equipment or separately derived source. Bonding conductors 


Discipline Electrical 
Drawing Grounding System Construc 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 11:25 AM 


have been installed as required. 

9. Installation Checks: Test wells are accessible and clearly marked.. 

10. Operational Checks: Specified sequences of operation and operating 
schedules have been provided with all variations documented. 

11. Operational Checks: Specified point-to-point checks have been 
completed and documentation record submitted for this system. 


Administratively closed. 


Mike Sabo on 12/14/2015 at 02:01 PM 


Metro Power has agreed to verify modification to grounding system, to me complete by June 26,2015 


Paul Southwell on 06/17/2015 at 10:39 AM 


MetroPower's position is that project did not require grounding system to be modified. In reality, they did make additions to the 
system. 


Paul Southwell on 06/12/2015 at 10:53 AM 
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FO-2-27 GSa3 
Verification based upon Panel Construction Checklist: Assigned To MetroPower 


1.Distribution Panel Enclosure/Cabinetry: Equipment installed per Asset Panelboards 
manufacturer's instructions and specifications. -anelboards 
2.Distribution Panel Enclosure/Cabinetry: Equipment installed agrees with 
shop drawings and specifications 

3.Distribution Panel Enclosure/Cabinetry: Verify mounting, location and 
clearances are per plans and specifications. 

4.Distribution Panel Enclosure/Cabinetry: Equipment labels permanently 
affixed 

5.Distribution Panel Enclosure/Cabinetry: Panel is clean and clear of dust or 
dirt 

6.Distribution Panel Enclosure/Cabinetry: Verify the application of 
manufacturer recommended torque values applied to bolted connections. 

7. Distribution Panel Enclosure/Cabinetry: Verify correct circuit breaker 
sizes and types per the specifications and manufacturer’s drawings. 

8. Distribution Panel Enclosure/Cabinetry: Neutral bus isolated from cabinet. 
9. Circuit Breakers 208/120 VAC Panels: Installed per manufacturer's 
instructions, plans and specifications. 

10. Circuit Breakers 208/120 VAC Panels: No physical damage. 

11. Circuit Breakers 208/120 VAC Panels: Verify voltage and current rating 
of circuit breaker are per plans and specifications. 

12. Circuit Breakers 208/120 VAC Panels: Verify breakers are mounted 
securely and operates smoothly. 

13.Circuit Breakers 208/120 VAC Panels: Verify wire is properly installed 
and suitable size for breaker. 

14. Operational Checks: Specified sequences of operation and operating 
schedules have been provided with all variations documented. 

15. Operational Checks: Specified point-to-point checks have been 
completed and documentation record submitted for this system. 

16. 


Discipline Electrical 
Drawing Panel Construction Checkl 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 11:18 AM 


Administratively closed. 


Mike Sabo on 12/14/2015 at 02:01 PM 


MetroPower is taking the position that the only panel applicable is Panel DP-L1CC. They are indicating that the panel MDP is 
existing even though they have modified it. 


Paul Southwell on 06/12/2015 at 10:51 AM 
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FO-2-26 
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Verification required by Low Voltage Switchgear Construction Checklist: 

1. Switchgear enclosure /Cabinetry: Equipment installed per manufacturer’s 
instructions and specifications 

2. Switchgear Enclosure /Cabinetry: Equipment installed agrees with shop 
drawings and specifications 

3.Switchgear Enclosure/Cabinetry: Verify mounting, location and clearances 
are per plans and specifications 

4.Switchgear Enclosure /Cabinetry: Inspect for physical, electrical and 
mechanical condition of equipment and cabinet. No damage evident 
5.Switchgear Enclosure /Cabinetry:Inspect panels and doors for proper fit 
and alignment 

6.Switchgear Enclosure /Cabinetry: Equipment labels permanently affixed 
7.Switchgear Enclosure /Cabinetry: Panel is clean and clear of dust or dirt 
8. Switchgear Enclosure /Cabinetry: Verify correct circuit breaker sizes and 
types per the specifications and manufacturer’s drawings 

9. Switchgear Enclosure /Cabinetry: Seismic anchoring installed and 
functional where applicable (non-short circuiting) 

10. Switchgear Enclosure /Cabinetry: Inspect insulators, barriers and 
shields for damage or contamination 

11. Switchgear Enclosure /Cabinetry: Verify that ground bus is properly 
bonded to enclosure, enclosure is grounded and resistance to ground meets 
grounding specifications 

12. Switchgear Enclosure /Cabinetry: Verify three or four wire configuration 
13. Switchgear Enclosure /Cabinetry: Verify metering transformer 
nameplate matches specified and approved transformer 

14. Switchgear Enclosure /Cabinetry: Transformer installed per 
manufacturer's instruction, plans and specifications. 

15. Switchgear Enclosure /Cabinetry: Inspect metering transformer cables 
and connections for defects or physical damage 

16. Switchgear Enclosure /Cabinetry: Verify metering transformer 
connections are correct per the single line 

17. Switchgear Enclosure /Cabinetry: Verify all grounding and shorting 
connections for the metering transformer are in place 

18. Switchgear Enclosure /Cabinetry: Verify correct fusing for the metering 
transformer primary and secondary 

19. Switchgear Enclosure /Cabinetry: Verify the metering transformer taps 
are in accordance with the manufacturer’s nameplate and specifications. 
20. Switchgear Enclosure /Cabinetry: Verify the vents and air inlets are free 
and unobstructed. Clean air filters installed (if required). 

21. Feeder Circuit Breakers: Verify all maintenance and service clearances 
are maintained. 

22. Feeder Circuit Breakers: Verify no physical damage. 

23. Feeder Circuit Breakers: Verify voltage and current rating of circuit 
breaker are per plans and specifications. 

24. Feeder Circuit Breakers: Confirm correct application of manufacturer’s 
recommended lubricant. 

25. Feeder Circuit Breakers: Verify that primary and secondary contact wipe 
dimensions are correct. 

26. Feeder Circuit Breakers: Verify breakers are mounted securely and 
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Assigned To MetroPower 
Asset Switchboard 


Discipline Electrical 
Drawing Low Voltage Switchgear Ch 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 11:09 AM 
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operates smoothly. 

27. Feeder Circuit Breakers: Verify wire is properly installed and suitable 
size for breaker. 

28. Operational Checks: All incoming cables are terminated and “ABC” 
phasing is correct. Terminations are torqued, checked, stress cones are 
properly grounded and exposed energized surfaces are insulated. 

29. Operational Checks: Specified point-to-point checks have been 
completed and documentation record submitted for this system. 

30. 


Administratively closed. 


Mike Sabo on 12/14/2015 at 02:01 PM 


These requirements have been satisfied by previous requests. 


Paul Southwell on 06/17/2015 at 10:35 AM 


Testing procedures were inadvertently taken from the Medium Voltage Switchgear Construction Checklist as opposed to Low 
Voltage Switchgear Construction Checklist.Same verification required. 


Paul Southwell on 06/12/2015 at 10:07 AM 


FO-2-25 Gm=) 
Verification required by Specification Section 12 23 00: Assigned To MetroPower 


1. Compare equipment nameplate data with specifications and approved Asset Switchboards 
shop drawings. Switchboard: 
2.Confirm correct application of manufacturer's recommended Electrice 
lubricants. Discipline Electrical 


3.Verify that circuit breaker sizes and types correspond to approved Drawing Specification Section 12 
shop drawings. Due Date 6/18/2015 


4.Confirm correct operation and sequencing of electrical and Created By Paul Southwell 
mechanical interlock systems. Identified On 6/4/2015 10:43 AM 
5.Verify correct barrier installation. 

6.Verify that vents are clear. 

7.MANUFACTURER'S NAMEPLATE:Each item of equipment shall have a 

nameplate bearing the manufacturer's name, address, model number, and 

serial number securely affixed in a 

conspicuous place; the nameplate of the distributing agent will not be 

acceptable. This nameplate and method of attachment may be the 

manufacturer's standard if it contains the required information. 


MetroPower has verified items 1 through 7 


Paul Southwell on 06/12/2015 at 10:46 AM 
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FO-2-24 GSS) 


Documentation required based upon Low Voltage Switchgear Construction 
Checklist and Panel Construction Checklist: 

1. Requested documentation submitted: Manufacturer's cut sheets 
2.Requested documentation submitted: Installation and startup manual and 
plan 

3.Requested documentation submitted: O&M manuals 

4.Requested documentation submitted: Sequences and control strategies 
5.Requested documentation submitted: Warranty Certificate 

6.Requested documentation submitted: Installation and startup manual and 
plan 


This requirement met by previous issue, FO-2-24 


Paul Southwell on 06/17/2015 at 10:33 AM 


Assigned To MetroPower 
Asset Wiring 


Discipline Electrical 
Drawing Low Voltage Switchgear Ch 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:33 AM 


Testing procedures were inadvertently taken from the Medium Voltage Switchgear Construction Checklist as opposed to Low 


Voltage Switchgear Construction Checklist. 


Paul Southwell on 06/12/2015 at 10:05 AM 


Tow 


Documentation required by Specification Section 12 23 00: 

1.Furnish documentation showing the results of design tests on a product of 
the same series and rating as that provided by this specification, short- 
circuit current test 

2.Furnish documentation showing the results of design tests on a product of 
the same series and rating as that provided by this specification, enclosure 
test 

3.Furnish documentation showing the results of design tests on a product of 
the same series and rating as that provided by this specification, dielectric 
test 

4.Furnish reports which include results of production 

tests performed on the actual equipment for this project. These tests 
include:a. 60-hertz dielectric tests 

5.Furnish reports which include results of production 

tests performed on the actual equipment for this project. These tests 
include:a. mechanical operation tests 

6.Furnish reports which include results of production 

tests performed on the actual equipment for this project. These tests 
include electrical operation and control wiring tests 


FO-2-23 Gm: 


Administratively closed. 


Va Gaha - A9/4A/9N15 
Ke 5apo CV 14/2U 1 


at 02:01 PM 


Assigned To MetroPower 
Asset Switchboards 


Discipline Electrical 
Drawing Specification Section 12 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:22 AM 


Metro Power agrees to documentation required by Specification Section 12 23 00., to be complete by June 26, 2015. 


Paul Southwell on 06/17/2015 at 10:31 AM 


MetroPower has requested information from manufacturer on 6/8/2015 


Paul Southwell on 06/12/2015 at 10:41 AM 
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FO-2-22 


Installation Checks: Resistance of the grounding system has been Assigned To MetroPower 
measured and recorded. Provide method of measurement. Asset “ Wiring 
® Wiring 

Electrical 


Discipline Electrical 
Drawing Grounding System Construc 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:11 AM 


Administratively closed. 
Mike Sabo on 12/14/2015 at 02:02 PM 


Metro Power agrees to this installation check, to be complete by June 26, 2015 
Paul Southwell on 06/17/2015 at 10:29 AM 


MetroPower agrees to testing on Panel DP-L1CC 
Paul Southwell on 06/12/2015 at 10:40 AM 


FO-2-21 


Distribution Panel Enclosure/Cabinetry: Megger test of bus — phase to Assigned To MetroPower 
phase and phase to ground. Test voltage per manufacturer’s Asset “ Panelboards 
recommendations. Discipline Electrical 


Drawing Panel Construction Checkl 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:10 AM 


Metro Power to check with owner since test requires putting stress on switchgear. 
Paul Southwell on 06/17/2015 at 10:28 AM 


MetroPower agrees to testing on Panel DP-L1CC 
Paul Southwell on 06/12/2015 at 10:39 AM 
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FO-2-20 


Feeder Circuit Breakers: Hi-potential test of circuit breaker — phase to phase Assigned To MetroPower 

and phase to ground. Test voltage per manufacturer’s recommendations Asset Switchboards 
Switchboards 
Electrical 


Discipline Electrical 
Drawing Low Voltage Switchgear Ch 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:08 AM 


Administratively closed. 
Mike Sabo on 12/14/2015 at 02:02 PM 


Metro Power to check with owner since test requires putting stress on switchgear. 
Paul Southwell on 06/17/2015 at 10:28 AM 


Testing procedures were inadvertently taken from the Medium Voltage Switchgear Construction Checklist as opposed to Low 
Voltage Switchgear Construction Checklist. Same test apply. 
Paul Southwell on 06/12/2015 at 10:05 AM 


FO-2-19 


Feeder Circuit Breakers: Megger test of circuit breaker — phase to phase Assigned To MetroPower 
and phase to ground. Test voltage per manufacturer's recommendations Asset Electrical 
Discipline Electrical 
Drawing Low Voltage Switchgear Ch 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:07 AM 


Administratively closed. 
Mike Sabo on 12/14/2015 at 02:02 PM 


Metro Power to check with owner since test requires putting stress on switchgear. 
Paul Southwell on 06/17/2015 at 10:28 AM 


Testing procedures were inadvertently taken from the Medium Voltage Switchgear Construction Checklist as opposed to Low 
Voltage Switchgear Construction Checklist. Testing requirements are the same 
Paul Southwell on 06/12/2015 at 10:04 AM 
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FO-2-18 


Hi-potential test of bus — phase to phase and phase to ground. Test voltage Assigned To MetroPower 

per manufacturer’s recommendations Asset Switchboards 
Switchboards 
Electrical 


Discipline Electrical 
Drawing Low Voltage Switchgear Ch 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:06 AM 


Administratively closed. 
Mike Sabo on 12/14/2015 at 02:02 PM 


Metro Power to check with owner since test requires putting stress on switchgear. 
Paul Southwell on 06/17/2015 at 10:27 AM 


Testing procedures were inadvertently taken from the Medium Voltage Switchgear Construction Checklist as opposed to Low 
Voltage Switchgear Construction Checklist. Same test apply. 
Paul Southwell on 06/12/2015 at 10:04 AM 


FO-2-17 


Switchgear Enclosure/Cabinetry: Megger test of bus — phase to phase and Assigned To MetroPower 

phase to ground. Test voltage per manufacturer’s recommendations Asset Switchboards 
Switchboards 
Electrical 


Discipline Electrical 
Drawing Low Voltage Switchgear Ch 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:05 AM 


Administratively closed. 
Mike Sabo on 12/14/2015 at 02:03 PM 


Metro Power to check with owner since test requires putting stress on switchgear. 
Paul Southwell on 06/17/2015 at 10:27 AM 


Testing procedures were inadvertently taken from the Medium Voltage Switchgear Construction Checklist as opposed to Low 
Voltage Switchgear Construction Checklist. Same test apply. 
Paul Southwell on 06/12/2015 at 10:04 AM 
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FO-2-16 


Electrical Tests: Perform over potential tests. Assigned To Owner 
Asset ©, Switchboards 
® Switchboards 
#81 Electrical 


Discipline Electrical 
Drawing Specification Section 12 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:03 AM 


Administratively closed. 
Mike Sabo on 12/14/2015 at 02:03 PM 


Metro Power to check with owner since test requires putting stress on switchgear. 
Paul Southwell on 06/17/2015 at 10:26 AM 


MetroPower questions whether MCLB will be acceptable to over potential testing? 
Paul Southwell on 06/12/2015 at 09:31 AM 


FO-2-15 


Electrical Tests: Perform insulation-resistance tests on each bus section. Assigned To Owner 
Asset ™ Switchboards 
® Switchboards 
411 Electrical 


Discipline Electrical 
Drawing Specification Section 12 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:02 AM 


Delete this issue, buss bars are not insulated 
Paul Southwell on 06/17/2015 at 10:25 AM 


MetroPower questions whether MCLB will be acceptable to insulation resistance testing? 
Paul Southwell on 06/12/2015 at 09:30 AM 
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FO-2-14 


Inspect all bolted electrical connections for high resistance Assigned To MetroPower 
using low-resistance ohmmeter, verifying tightness of accessible Asset “, Switchboards 
bolted electrical connections by calibrated torque-wrench method, Switchboards 


#81 Electrical 
Discipline Electrical 
Drawing Specification Section 12 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:01 AM 


or performing thermographic survey. 


Administratively closed. 
Mike Sabo on 12/14/2015 at 02:29 PM 


Metro Power agrees to switchboard verification at next power outage, currently scheduled for June 28, 2015 
Paul Southwell on 06/17/2015 at 10:23 AM 


MetroPower agrees to comply during outage to remove temporary power 
Paul Southwell on 06/12/2015 at 09:28 AM 


FO-2-13 


Weater proof , GFl receptacles should be located adjacent DDC control Assigned To MetroPower 
panels and chiller control cabinet. . Wiring 
Wiring 
411 Electrical 
Discipline Electrical 
Drawing E102 
Due Date 6/18/2015 
Created By Paul Southwell 

Identified On 6/4/2015 9:58 AM 


Contract documents did not specify weather proof and/or GFI receptacles 
Paul Southwell on 06/17/2015 at 10:20 AM 


MetroPower debates the need for weather-proof enclosures. Electrical drawing E102 indicates weather-proof / GFl receptacles to 
be used in mechanical room. 


Paul Southwell on 06/12/2015 at 09:27 AM 
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FO-2-12 


Hybrid Dry Cooler De-Alkalizer/Water softener receptacles-should be Assigned To MetroPower 
weather proof / GFl(Mechanical Rm) Asset “ Wiring 
® Wiring 


411 Electrical 
Discipline Electrical 
Drawing M407 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:57 AM 


Contract documents did not specify weather proof and/or GFI receptacles 
Paul Southwell on 06/17/2015 at 10:20 AM 


MetroPower debates the need for weather-proof enclosures. Electrical drawing E102 indicates weather-proof / GFl receptacles to 
be used in mechanical room. 


Paul Southwell on 06/12/2015 at 09:27 AM 
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FO-2-11 


In the Dry Cooler area, a mixture of enclosures ranging from Nema 3R, Assigned To MetroPower 
Nema 4x, and Nema 6P were observed. NEMA 4X and NEMA 6P are more Asset “ Wiring 
water resistant than NEMA 3R. ® Wiring 


411 Electrical 
Discipline Electrical 
Drawing NEC-Table 110.28 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:56 AM 


Metro Power has complied with the contract documents by supplying the correct panel in a NEMA 3R enclosure 
Paul Southwell on 06/17/2015 at 10:18 AM 


MetroPower claims contract documents call for NEMA 3R enclosure. Whereas contract documents (Drawing E400) requires 
NEMA 4X enclosures. 
Paul Southwell on 06/12/2015 at 09:25 AM 
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FO-2-10 


In the Dry Cooler area, a mixture of rigid, EMT, and PVC conduits are Assigned To McKenney's 
utilized. Asset “ Wiring 
® Wiring 


taf Electrical 
Discipline Electrical 
Drawing NEC_300.4 / 358.12/312.2 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:55 AM 


Only GRC and IMC in use now, deficiency issue resolved. 
Paul Southwell on 06/17/2015 at 10:16 AM 


MetroPower claims all conduit installed by them is GRC, is the EMT and PVC McKenny's 
Paul Southwell on 06/12/2015 at 09:18 AM 
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FO-2-9 


Openings around electrical penetrations into or through fire-resistant-rated Assigned To Artesian Contracting 
walls, partitions artitions, floors, or ceilings shall be firestopped using Asset “ Wiring 
approved methods to maintain the fire resistance rating. (Conduits ® Wiring 


411 Electrical 
Discipline Electrical 
Drawing NEC_ 300.21 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:53 AM 


penetrating wall separating Electrical room and mechanical room.) 


Administratively closed. 
Mike Sabo on 12/14/2015 at 02:29 PM 


MetroPower claims this is Artesian responsibility 


Paul Southwell on 06/12/2015 at 09:17 AM 
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Uses Not Permitted. PVC conduit shall not be used under the conditions Assigned To McKenney's 
specified in 352.12(A) through (E). Where subject to physical damage Asset “ Wiring 
unless identified for such use. (PVC conduit is exposed at the floor level at ® Wiring 


41! Electrical 
Discipline Electrical 
Drawing NEC_352.12 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:52 AM 


two locations in mechanical room) 


The referenced conduit is part of the temporary monitoring system installed by the design engineer, AHP. Reportedly, the 
government has approved the as-built condition. 
Mike Sabo on 12/14/2015 at 02:04 PM 


PVC should be converted to either IMC or GRC where exposed to physical damage. 
Paul Southwell on 06/17/2015 at 09:52 AM 


MetroPower questions ownership of PVC subject to damage coming out of the slab in mechanical room, is this McKenny's 


Paul Southwell on 06/12/2015 at 09:16 AM 
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312.2 Damp and Wet Locations. In damp or wet locations, surface-type Assigned To MetroPower 


enclosures within the scope of this article shall be placed or equipped so as + Wiring 
to prevent moisture or water from entering and accumulating within the be Wiring 
tai Electrical 


cabinet or cutout box. (Chiller disconnects have top penetrations using EMT 


connectors instead of water-tight hubs.) Discipline Electrical 


Drawing NEC_312.2 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:51 AM 


Paul Southwell agrees with Metro Power that mechanical room is not a damp or wet area, therefore, this deficiency is deleted. 
Paul Southwell on 06/17/2015 at 09:50 AM 


MetroPower debates the need for weather-proof enclosures. Electrical drawing E102 indicates weather-proof / GFl receptacles to 
be used in mechanical room. 


Paul Southwell on 06/12/2015 at 09:13 AM 
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358.12 Uses Not Permitted. EMT shall not be used under the following Assigned To MetroPower 

conditions: Where, during installation or afterward, it will be subject to Asset Wiring 

severe physical damage.(mechanical room floor) Wiring 
Electrical 


Discipline Electrical 
Drawing NEC_300.4 / 358.12 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:50 AM 


Administratively closed. 
Mike Sabo on 12/14/2015 at 02:30 PM 


Exposed EMT to pumps has been replaced with GRC with the exception of Pump #4, Metro Power agrees to have last pump done 
by June 26, 2015 


Paul Southwell on 06/17/2015 at 09:46 AM 


MetroPower agrees to change EMT to GRC where applicable, what about McKenny? 


Paul Southwell on 06/12/2015 at 09:07 AM 


Construction Issues | Printed on 12/14/2015 | Page 27 of 35 


GAlloy 


Construction Issues | Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal Thermal Energy Storage Building 
3700 MCLB Albany | 960 (ESTCP No. EW-200135) 


FO-2-5 


Unless otherwise provided, MC cables shall be secured at intervals not Assigned To McKenney's 
exceeding 1.8 m (6 ft). Cables containing four or fewer conductors sized no Asset Wiring 
larger than 10 AWG shall be secured within 300 mm (12 in.) of every box, Wiring 


Electrical 
Discipline Electrical 
Drawing NEC 330.30(b) 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:49 AM 


cabinet, fitting, or other cable termination. (Mechanical Rm ceiling) 


Problem supporting MC cable resolved. 
Paul Southwell on 06/17/2015 at 09:44 AM 


MetroPower is indicating that they are not using MC cable, is McKenny using MC cable in the mechanical room? 
Paul Southwell on 06/12/2015 at 09:05 AM 


FO-2-4 


Ckt MDP-L1c_2 to louver/fan not installed, including modifications to Assigned To MetroPower 

existing starter Asset Wiring 
Wiring 
Electrical 


Discipline Electrical 
Drawing E102 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:27 AM 


Louver has been installed. 
Mike Sabo on 12/14/2015 at 02:30 PM 


Metro power to have power and controls by June 26, 2015. 
Paul Southwell on 06/17/2015 at 09:34 AM 


SafeAire to have louver installed by June 19, 2015 
Paul Southwell on 06/17/2015 at 09:33 AM 


MetroPower indicates that the louver/fan has not been installed yet. What is schedule on installation of louver /fan? 


Paul Southwell on 06/12/2015 at 09:00 AM 
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Ckt MDP-L1c_1 to hot water unit heater not installed, including motor switch Assigned To MetroPower 
Sm Asset “ Wiring 
® Wiring 


411 Electrical 
Discipline Electrical 
Drawing E102 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:25 AM 


Unit heater has been installed. 
Mike Sabo on 12/14/2015 at 02:31 PM 


Metro Power to have power and controls complete by June 26,2015 
Paul Southwell on 06/17/2015 at 09:31 AM 


SafeAire agrees to have unit heater and louver installed by June 19, 2005 
Paul Southwell on 06/17/2015 at 09:30 AM 


MetroPower indicates this has not been installed yet? What is schedule on installation of hot water unit heater? 


Paul Southwell on 06/12/2015 at 09:00 AM 


FO-2-2 


Mount switchboard on concrete slab. The slab thickness shall match the Assigned To Artesian Contracting 
existing. Edges above floor shall have 1/2 inch chamfer. The slab shall be of Asset “ Switchboards 
adequate size to project at least 8 inches beyond the equipment. Current ® Switchboards 


ta? Electrical 
Discipline Electrical 
Drawing Specification Section 12 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 8:51 AM 


slab does not meet specification 


Administratively closed. 
Mike Sabo on 12/14/2015 at 02:06 PM 


Slab does not agree with specifications. MetroPower indicates this was Artesian's responsibility, Artesian response? 


Paul Southwell on 06/12/2015 at 08:58 AM 
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The VAVs can be configured to generate an alarm with a space temperature Assigned To Owner 

high limit and a space temperature low limit. Owner needs to provide these Asset Terminal Unit 
limits and needs to provide where the alarm should be viewed. Discipline Mechanical 


Drawing Mech 
Due Date 6/18/2015 
Created By Mike Sabo 
Identified On 6/4/2015 8:48 AM 


Owner has not provided these values. The defaults are 65 and 85. 


Mike Sabo on 12/14/2015 at 02:07 PM 


FO-1-13 

The heating water and chilled water pumps are set-up in the control system Assigned To Owner 

as lead/lag. This appears to be a miscommunication between the specs and Asset HVAC 
controls submittal. Confirm that the CW and HW pumps are operated in Discipline Mechanical 
duty/standby (with periodic rotation of the pump that is in duty). This will be Drawing Specs 
similar to the source water and BTES pumps. Due Date 6/18/2015 


Created By Mike Sabo 
Identified On 6/4/2015 7:15 AM 


The design intent was Lead/Standby. The controls submittal was incorrect and the pumps currently operate as Lead/Standby. 


Mike Sabo on 12/14/2015 at 02:08 PM 


FO-1-12 

The set points and configuration for the VAV terminals have been retained Assigned To Owner 

from the original BAS. They are able to be accessed and actively changed Asset HVAC 

by the building maintenance staff. Many of the thermal zones were in Discipline Mechanical 
heating when the outside air temperature is over 80F. Are we intentionally Drawing Mech 

allowing the zones to be in "reheat" or are the terminals in heating because Due Date 6/18/2015 

the space setpoints are too high and offset too low? If the latter, recommend Created By Mike Sabo 

an equivalent deadband of 5 degrees F, a heat lockout sequence when OA Identified On 6/4/2015 7:07 AM 


temp is above 65F, and a supply air temperature reset based on the number 
of units in cooling/heating. This should help keep the building load under 
better control. 


The building maintenance staff is comfortable with allowing reheat and with inconsistent set-points. If a retro-commissioning effort 
takes place this can be addressed. 


Sabo on 12/14/2015 at 02:09 PM 
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There will be no commissioning efforts for the existing ERU. The Assigned To Owner 
commissioning of the existing AHUs will consist of verifying occupied Asset Air Handling Unit 
schedules only (currently all 6 AHUs are set to occupied 24/7). The TAB Discipline Mechanical 

efforts for the ERU and existing AHUs will only consist of simple supply/ Drawing Mech 

exhaust air measurements as appropriate for the conditions that exist at Due Date 6/18/2015 

exact time of TAB. The reason for this is: Created By Mike Sabo 

1) The existing ERUs and AHUs were not modified by the construction Identified On 6/4/2015 7:01 AM 


project and are considered to be outside the scope of work. 

2) We have no authority or access rights to modify/change/manipulate the 
operating conditions. 

3) We have no design data on the ERUs or AHUs. 

4) We do not have current and accurate sequences of operation for the 
ERUs or AHUs. 


FO-1-10 


The chiller modules cannot be functionally tested individually since the on- Assigned To Owner 
board controls cannot be "manipulated" by anyone except the ClimaCool Asset Chiller 
equipment rep. The workaround is to functionally test the entire chiller at Discipline Mechanical 
once using the existing conditions at the time of commissioning and Drawing Cx Specs 
verifying trend logs. Due Date 6/18/2015 


Created By Mike Sabo 
Identified On 6/4/2015 6:28 AM 


Work-around efforts were used when commissioning. 
Mike Sabo on 12/14/2015 at 02:10 PM 


FO-1-9 


The unit heater and corresponding controls are not installed yet Assigned To SafeAir 
Asset UH-1 
Unit Heater 
HVAC 


Discipline Mechanical 
Drawing Mech 
Due Date 6/18/2015 
Created By Mike Sabo 
Identified On 6/4/2015 6:17 AM 


Unit heater and wall mounted thermostat were installed and functionally tested to be working properly. 
Mike Sabo on 12/14/2015 at 02:11 PM 
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The summation of the GPM for all the 3-way HW valves is 49.5. The Assigned To Owner 


automatic flow control valves are installed to maintain the scheduled GPM in Asset Heating Hot Water Loo 
the HW coils given the pumps are providing enough head. Closing the flow Heating Hot Water Loop 
to all of the reheat coils and closing the existing HW bypass should result in HVAC 
flow of 49.5 GPM. We were only flowing 27 GPM with all the VAVs in 
bypass, the HW bypass closed and one hot water pump at 100%. The DP in 
the HW loop reached 47 psi before we opened the bypass. We are very 
confident that there are restrictions in the HW system but cannot fully know 
the extent because the chiller conditions affect the flow in the HW loop. The 
test should be run again with two chiller modules "open" to HW loop to 
confirm the full extent of the restrictions on the building side. Then the 
blockages should be found and removed so we can achieve a flow of 49.5 
GPM during the same test. 


Discipline Mechanical 
Drawing Mech 
Due Date 6/11/2015 
Created By Mike Sabo 
Identified On 6/4/2015 6:01 AM 


The strainers have been cleaned and the maintenance staff has received training on the problems with clogged strainers and 
closed valves. Several VAV terminal units still appear to have blockages by analysis at the front-end BAS, however. A list will be 
generated and given to the maintenance staff. 


Mike Sabo on 12/14/2015 at 02:14 PM 


This issue has been corrected (temporarily). The building maintenance staff has been closing the return leg of the reheat coil likely 
due when responding to a hot call. They will likely end up in a low flow condition if the maintenance staff continues to close the 
valves. The owner needs to address this. 


(18/2015 at 01:01 PM 


FO-1-7 ( 
The following are installed backwards: Assigned To SafeAir 

1) AHU-2B coil circuit setter Asset Air Handling Unit 
2) AHU-1A bypass circuit setter Discipline Mechanical 

3) AHU-1B bypass circuit setter Drawing Mech 


Due Date 6/11/2015 
Created By Mike Sabo 
Identified On 6/4/2015 6:00 AM 


Administratively closed. 


Vliike Sabo on 12/14/2015 at 02:15 PM 


During the 6/17/15 visit, circuit setter for the coil in AHU-2B was correct. The other two are still incorrect but have been completely 
shut to make the coil configuration operate similar to 2-way vice 3-way. No further action needed until the 2-way vs 3-way chilled 
water coil is corrected. Issue to remain open for tracking purposes. 


Mike Sabo on 06/18/2015 at 12:57 PM 
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Strainer near dry coolers will be difficult to clean. Assigned To Ray and Sons 
Asset ™ Dry Cooler 
Discipline Mechanical 
Due Date 6/11/2015 
Created By Mike Sabo 
Identified On 6/4/2015 5:42 AM 


FO-1-5 


Existing refrigerant monitor in alarm and not interlocked with fan. Assigned To McKenney's 
Asset ™ Chiller 
Discipline Mechanical 
Drawing Mech 
Due Date 6/11/2015 
Created By Mike Sabo 
Identified On 6/4/2015 5:39 AM 


Alarm has been cleared and monitor and fan were reportedly interlocked. 
Mike Sabo on 12/14/2015 at 02:17 PM 


FO-1-4 GEES) GD 


The ChW, HW, and SW expansion tanks do not have pressure gauges. Assigned To SafeAir 
These are shown in the piping schematics M301, M302, M303 Asset #4) HVAC 
Discipline Mechanical 
Drawing M301, M302, M303 
Due Date 6/11/2015 
Created By Mike Sabo 
Identified On 6/4/2015 5:39 AM 


Pressure gauges have been installed. 


Mike Sabo on 12/14/2015 at 02:18 PM 
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Existing energy recovery unit (ERU) is supplying too much direct Outdoor Assigned To Owner 

Air (OA). The supply fan appears to be at full speed and the ductwork has Asset Air Handling Unit 
been compromised (i.e. "blown out"). The exhaust fan is operating ata Discipline Mechanical 

much lower speed. The ERU OA dampers are in full open position with the Drawing Mech 

outside air temperature above 85F (perhaps in OA economizer’). Due Date 6/11/2015 
Furthermore, the OA and RA dampers for AHUs 1A and 1B are all in full Created By Mike Sabo 

open position indicating that they have not been adjusted to bring in the Identified On 6/4/2015 5:38 AM 


proper OA/RA combination even if the ERU is returned to normal operation. 
The OA dampers for AHUs 2A, 2B, 3A and 3B also appear much more open 
than expected. This building-wide operating condition will result in too much 
latent and sensible load on the chilled water coils in the AHUs. The ERU 
and AHUs should be placed back into proper operation or there will be 
temperature and humidity issues in the building not caused by the GHP 
project. 


Administratively closed. Issues have been cited in a separate commissioning issues list. 
Mike Sabo on 12/14/2015 at 02:20 PM 


FO-1-2 GEES) 


BTES pump P-2 coupling was defective as of 5/21/15. Mechanical Assigned To SafeAir 

contractor to fix. Asset P-2 
Pump 
HVAC 


Discipline Mechanical 
Drawing Mech 
Due Date 6/11/2015 
Created By Mike Sabo 
Identified On 6/4/2015 5:37 AM 


Pump coupling has been fixed 
Mike Sabo on 06/18/2015 at 12:53 PM 
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Provide laminated plastic nameplates for each switchboard, Assigned To MetroPower 
equipment enclosure, relay, switch, and device; as specified in this Discipline Electrical 
section or as indicated on the drawings Drawing Elec 


Due Date 6/17/2015 
Created By Paul Southwell 
Identified On 6/3/2015 6:24 PM 


Administratively closed. 
Mike Sabo on 12/14/2015 at 02:31 PM 


Metro Power committed to having breaker identification complete by 6/17/2015 
Paul Southwell on 06/17/2015 at 09:13 AM 


Please give schedule for compliance. 
Paul Southwell on 06/12/2015 at 08:56 AM 


Construction Issues | Printed on 12/14/2015 | Page 35 of 35 


GAlloy 


Appendix B 


Final Commissioning Issues Log for Existing 
Systems 


Commissioning Issues Log - Addison Energy Technologies, LLC 


Project: MCLB Albany - Building 3700 AHUs and ERU Equipment 
Date: 8/24/2015 
New/Open: 87 
Closed: 0 
Next issue #: 
REF # CURRENT: DATE NOTED Sein) ACTIVITY REN DOC ORIGINAL COMMENT COMMENTER PERSON PROJECT TEAM RESPONSE RESPONDER NOTES OWNERIREVIEW 
STATUS Equipment (Dwg/Spec) RESPONSIBLE NEEDED? 
- : : ‘ a us Fixed position does not allow auto-function checks 
a Outside Air Damper (Mixed air damper) in fixed position and Sonia ie 
Fuctional E . : fs : land commissioning of equipment. Status shown 
7/30/15 HVAC AHU-1A 7 n/a inoperative. Linkage disconnected and/or drive motor not L. A. Pohl MCLB pai ae A : 
Testing e lon "BAS" Graphics is meaningless (not real time 
functional. 
status) 
Return Air Damper in fixed position and inoperative. Linkage Fixed position does not allow auto-function checks 
Fuctional disconnected and/or drive motor not functional. and commissioning of equipment. Status shown 
7/30/15 HVAC AHU-1A 4 n/a L.A. Pohl MCLB iignelt Baia ‘ 
Testing lon "BAS" Graphics is meaningless (not real time 
status) 
7/30/15 HVAC AHU-LA Fuctional na Freeze protection installed and inoperative because of fixed L.A. Pohl MCcLB 
Testing dampers. 
Fuctional Alarm Safety "Freeze Stat" installed and shutsdown AHU. DEVICE is 
7/30/15 HVAC AHU-1A Testin, n/a not monitored and DOES NOT send alarm to "BAS". Function not in| _L. A. Pohl MCLB 
. program. 
Alarm Safety "High Static Pressure" and "Low Static Pressure" 
Fucth f installed and DO NOT shutdown AHU. DEVICES appear to be Questi ble if iat tor decired 
7/30/15 HVAC AHU-1A ssi _ n/a circumvented, not monitored and DO NOT send alarm signal to L. A. Pohl MCLB f eae et SENS Ore ere aPPropraserer Geen 
pone: "BAS". Functions not in program. eee 
7/30/15 HVAC AHU-1A Fuctional nla Electrical Hex at CHW valve to AHU has broken connection at the JB L.A. Pohl MCLB 
Testing (electrical junction box) 
Fixed position di t all to-function check: 
Fuctional Outside Air Damper (Mixed air damper) in fixed position and i pont oi ve es 4 nee a . ae he basen 
7/30/15 HVAC AHU-1B = wis n/a inoperative. Linkage disconnected and/or drive motor not L.A. Pohl MCLB ee esd eageta dicta Sanpner Papegee ene 
Testing ; lon "BAS" Graphics is meaningless (not real time 
functional. 
status) 
Return Air Damper in fixed position and inoperative. Linkage Fixed position does not allow auto-function checks 
7/30/15 HVAC AHU-1B Fuctional n/a disconnected and/or drive motor not functional. L.A. Pohl MCLB land commissioning: of equipment. Status shown 
Testing lon "BAS" Graphics is meaningless (not real time 
status) 
Fuctional Freeze protection installed and inoperative because of fixed 
7/30/15 HVAC AHU-1B n/a L.A. Pohl MCLB 
Testing dampers. 
Fuctional Alarm Safety "Freeze Stat" installed and DOES NOT shutdown AHU. 
7/30/15 HVAC AHU-1B “Testini n/a DEVICE is not monitored and DOES NOT send alarm to "BAS". L.A. Pohl MCLB Questionable if unit correctly wired to VFD. 
6 Function not in program. 
Alarm Safety "High Static Pressure" and "Low Static Pressure" 
Puctianal installed and DO NOT shutdown AHU. DEVICES appear to be tionable tf ‘cto for dedired 
7/30/15 HVAC AHU-1B ue none n/a circumvented, not monitored and DO NOT send alarm signal to L. A. Pohl MCLB Questional EN Sen nore armnbroninare, for Garter 
Testing siAciL . Pi function. 
BAS". Functions not in program. 
Fuctional VFD not secured properly to wall. Appears unit had been replaced 
7/30/15 HVAC AHU-1B Testin n/a land only anchored at top of unit, also needs to be anchored at L.A. Pohl MCLB 
e lower uni-strut. 
: ‘ Fi : ven 2 Fixed position does not allow auto-function checks 
a Outside Air Damper (Mixed air damper) in fixed position and era * 
Fuctional [ = 3 : i land commissioning of equipment. Status shown 
7/30/15 HVAC AHU-2A i n/a inoperative. Linkage disconnected and/or drive motor not L. A. Pohl MCLB ip a bia ‘ ‘ 
Testing 7 lon "BAS" Graphics is meaningless (not real time 
functional. 
status) 
Return Air Damper in fixed position and inoperative. Linkage Fixed position does not allow auto-function checks 
7/30/15 VAC AGUOR Fuctional n/a disconnected and/or drive motor not functional. Asai Mae end commissioning of equipment. Status shown 
Testing lon "BAS" Graphics is meaningless (not real time 
status) 
7/30/15 HVAC AHU-2A Fuctional n/a Freeze protection installed and inoperative because of fixed L.A. Pohl MCLB 
Testing dampers. 
Fuctional F stat set at 35F 
7/30/15 HVAC AHU-2a | “7eore near S L.A. Pohl MCLB Recommended setting is 40F. 
esting 
7/30/15 HVAC AHU-2A Fuctional as Alarm Safety "Freeze Stat" installed and shutsdown AHU. L.A. Pohl MCLB Unlike other similar devices, this has the auto 
Testing reset function. 
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Commissioning Issues Log - Addison Energy Technologies, LLC 


Project: MCLB Albany - Building 3700 AHUs and ERU Equipment 
Date: 8/24/2015 
New/Open: 87 
Closed: 0 
Next issue #: 
REF # CURRENT: DATE NOTED Sein) ACTIVITY RENDOC ORIGINAL COMMENT COMMENTER PERSON PROJECT TEAM RESPONSE RESPONDER NOTES OWNERIREVIEW 
STATUS Equipment (Dwg/Spec) RESPONSIBLE NEEDED? 
Alarm Safety "High Static Pressure" and "Low Static Pressure" 
Fuctisn al installed and DO NOT shutdown AHU. DEVICES appear to be Questi ble if ate for desired 
7/30/15 HVAC AHU-2A Bs Lae n/a circumvented, not monitored and DO NOT send alarm signal to L. A. Pohl MCLB f fa ier eens, SP nro Renae 
conn "BAS". Functions not in program. ee 
* . . ‘ ses a Fixed position does not allow auto-function checks 
.< Outside Air Damper (Mixed air damper) in fixed position and eats ei 
Fuctional i ‘ 3 7 : land commissioning of equipment. Status shown 
7/30/15 HVAC AHU-2B . n/a inoperative. Linkage disconnected and/or drive motor not L.A. Pohl MCLB "pach aa . 
Testing , lon "BAS" Graphics is meaningless (not real time 
functional. 
status) 
Return Air Damper in fixed position and inoperative. Linkage Fixed position does not allow auto-function checks 
7/30/15 HVAC AHU-28 Fuctional n/a disconnected and/or drive motor not functional. i Reohl MGB end eormnissionine: of equipment. Status shown 
Testing lon "BAS" Graphics is meaningless (not real time 
status) 
7/30/15 HVAC AHU-2B a na Freeze protection installed and inoperative because of fixed L.A. Pohl MCLB 
Testing dampers. 
Fuctional Fi stat set at 35F 
7/30/15 HVAC AHU-28 | ‘7e" On n/a ies L.A. Pohl MCLB Recommended setting is 40F. 
esting 
7/30/15 HVAC AHU-2B Puctionat na Alarm Safety "Freeze Stat" installed and shutsdown AHU. L.A. Pohl MCLB Unlike other similar devices, this has the auto 
Testing reset function. 
Alarm Safety "High Static Pressure" and "Low Static Pressure" 
Fuctional installediand:DO NOT shutdown AHU.. DEVICES appear to be Questionable if sensors are appropriate for desired 
7/30/15 HVAC AHU-2B Testing n/a circumvented, are not monitored and DO NOT send alarm signal to |__L. A. Pohl MCLB funexion. 
"BAS". Functions not in program. : 
Fuctional PRT! 
7/30/15 HVAC AHU-2B Testi n/a CHWR pressure gauge appears to be broken (not indicating) L. A. Pohl MCLB 
esting 
7 ‘ : : eas fs Fixed position does not allow auto-function checks 
r Outside Air Damper (Mixed air damper) in fixed position and atc ei 
Fuctional k ‘ 3 7 : land commissioning of equipment. Status shown 
7/30/15 HVAC AHU-3A . n/a inoperative. Linkage disconnected and/or drive motor not L.A. Pohl MCLB "pach dees . 
Testing ° lon "BAS" Graphics is meaningless (not real time 
functional. 
status) 
Return Air Damper in fixed position and inoperative. Linkage Fixed position does not allow auto-function checks 
7/30/15 HVAC AHUA Euctional n/a disconnected and/or drive motor not functional. i eeohi MGB end eornmissio ning: of equipment. Status shown 
Testing lon "BAS" Graphics is meaningless (not real time 
status) 
Fuctional Freeze protection installed and inoperative because of fixed 
7/30/15 HVAC AHU-3A " n/a L.A. Pohl MCLB 
Testing dampers. 
Fuctional Alarm Safety "Freeze Stat" installed and DOES NOT shutdown AHU. 
7/30/15 HVAC AHU-3A Testin n/a DEVICE appears to be circumvented, is not monitored and DOES L.A. Pohl MCLB 
8 NOT send alarm to "BAS". Function not in program. 
Alarm Safety "High Static Pressure" and "Low Static Pressure" 
Fuctional installed and DO.NOT-shutdown AHU: (DEVICES appear to:be Questionable if sensors are appropriate for desired 
7/30/15 HVAC AHU-3A Testing n/a circumvented, are not monitored and DO NOT send alarm signal to | _L. A. Pohl MCLB function. 
"BAS". Functions not in program. ° 
Fuctional 
7/30/15 HVAC AHU-3A, Testing n/a CHWR temperature gauge broken. Needs to be replaced. L.A. Pohl MCLB 
Fixed position di t all to-function check: 
Hci Outside Air Damper (Mixed air damper) in fixed position and a ee oe — . nies as : bs ue yea 
7/30/15 HVAC AHU-3B ue vee n/a inoperative. Linkage disconnected and/or drive motor not L.A. Pohl MCLB an beethiliadaalah ta Seeman pas sill 
Testing : lon "BAS" Graphics is meaningless (not real time 
functional. 
status) 
Return Air Damper in fixed position and inoperative. Linkage Fixed position does not allow auto-function checks 
7/30/15 HVAC AHU-3B Fuctional n/a disconnected and/or drive motor not functional. L.A. Pohl MCLB land commissioning, of equipment. Status shown 
Testing lon "BAS" Graphics is meaningless (not real time 
status) 
7/30/15 HVAC AHU-3B Fuctional na Freeze protection installed and inoperative because of fixed L.A. Pohl MCcLB 
Testing dampers. 
Fuctional Fi stat set at 35F 
7/30/15 HVAC AHU-3B Testing nfa__ freeze stat seta L.A. Pohl MCLB Recommended setting is 40F. 
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Commissioning Issues Log - Addison Energy Technologies, LLC 


Project: MCLB Albany - Building 3700 AHUs and ERU Equipment 
Date: 8/24/2015 
New/Open: 87 
Closed: 0 
Next issue #: 
REF # CURRENT: DATE NOTED Sse) ACTIVITY Rene ORIGINAL COMMENT COMMENTER PERSON PROJECT TEAM RESPONSE RESPONDER NOTES OWNERIREVIEW. 
STATUS Equipment (Dwg/Spec) RESPONSIBLE NEEDED? 
Fuctional Alarm Safety "Freeze Stat" installed and shutsdown AHU. DEVICE is 
7/30/15 HVAC AHU-3B Testin n/a not monitored and DOES NOT send alarm to "BAS". Function not in| _L. A. Pohl MCLB 
6 program. 
Alarm Safety "High Static Pressure" and "Low Static Pressure" 
‘ installed and DO NOT shutdown AHU. DEVICES appear to be : 7 : ‘ 
Fuctional i i : (Questionable if sensors are appropriate for desired 
7/30/15 HVAC AHU-3B Testin n/a circumvented, are not monitored and DO NOT send alarm signal to L. A. Pohl MCLB funetion 
8 "BAS". Functions not in program. 7 
Fixed position does not allow auto-function checks 
7/30/15 HVAC ERU sn na Outside Air Dampers in ee position and inoperative. Linkage L.A. Pohl MCLB land commissioning of equipment. Status shown 
Testing disconnected and/or drive motors not functional. lon "BAS" Graphics is meaningless (not real time 
status) 
Return Air Dampers in fixed position and inoperative. Linkage Fixed position does not allow auto-function checks 
7/30/15 HVAC ERU Euctional nia disconnected and/or drive motors not functional. L.A. Pohl MCLB land commissioning of equipment. Status shown 
Testing lon "BAS" Graphics is meaningless (not real time 
status) 
7/30/15 HVAC ERU Fuctional fifa By-Pass dampers in fixed position and inoperative. Linkage iaopdit Mae 
Testing disconnected and/or drive motors not functional. 
Fuctional Filters in variousloose positions and potential to become 
7/30/15 HVAC ERU ‘ n/a E ~ L.A. Pohl MCLB 
Testing ineffective. 
Fuctional Supply Fan does not shutdown when supply air chamber access 
7/30/15 HVAC ERU Testi n/a door is opened, AND fan belt/pulley are not equipped with Safety L.A. Pohl MCLB 
8 Guarding as required. 
Fuctional Exhaust Fan does not shutdown when exhaust air chamber access 
7/30/15 HVAC ERU Tastin n/a door is opened, AND fan belt/pulley are not equipped with Safety L.A. Pohl MCLB 
8 Guarding as required. 
7/30/15 HVAC ERU puctione! na Outside Air Duct is damaged (cracked in multiple locations) and L.A. Pohl MCLB 
Testing leaking. 
Fuctional a 0 adi " jad" Hl 
7/30/15 HVAC AHU-1A Tacit n/a Unit scheduled "Occupied" 24/7 L. A. Pohl MCLB Unoccupied" Mode disabled. Need enabled. 
esting 
7/30/15 HVAC AHU-1A puctionet n/a Unable to verify all terminal units are indexed to AHU Occupied L.A. Pohl MCLB 
Testing Schedule. 
Fuctional Unable t ify all terminal unit: indexed to AHU U ied 
7/30/15 HVAC AHU-1A | UCHOna n/a nable,to verity all terminal unitsiare indexed:to nee L.A. Pohl MCLB "Unoccupied" Mode disabled. Need enabled. 
Testing Schedule. 
; ‘ . . F 7 Fixed position dampers and "Occupied: Mode 24/7 
Fuct! i Unable t funct f air di ith t to duct stat! 
7/30/15 HVAC AHU-1a | UCHOn® n/a nable to verify function of air dampers withirespecttoductstatic|| i 4 soni MCLB do not allow this check. Also believe function not 
Testing pressure for fan speed variations and/or air volume adjustments. 
programmed. 
Fuctional Unable to verify certain functions -e.g. reset of static pressure 
7/30/15 HVAC AHU-1A Testin n/a setpoint, fan speed adjustments w/r static pressure fluctuations, L. A. Pohl MCLB Sequence of Operations not available. 
8 letc. as per Sequence of Operations. 
Fuctional Unable to verify operational conditions - e.g. SF Off, CHW Valve 
7/30/15 HVAC AHU-1A Testi n/a 100% closed, Outside Air Damper closed, etc. for "Unoccupied" L.A. Pohl MCLB "Unoccupied" Mode disabled. Need enabled. 
estin 
i Mode. 
Fuctional Unable to determine functionality of "Unoccupied Override" or if it Sequence of Operations not available. 
7/30/15 HVAC AHU-1A : n/a : L.A. Pohl MCLB 5 ae : 
Testing exists. Unoccupied" Mode disabled. 
Fuctional 
7/30/15 HVAC AHU-1B Tectine n/a |Unit scheduled "Occupied" 24/7 L.A. Pohl MCLB "Unoccupied" Mode disabled. Need enabled. 
Fuctional Unable to verify all terminal units are indexed to AHU Occupied 
7/30/15 HVAC AHU-1B ? n/a L.A. Pohl MCLB 
Testing Schedule. 
Fuctional Unable t ify all terminal unit: indexed to AHU U ied 
7/30/15 HVAC AHU-1B J (ooo n/a figule Seventy st Setrnlngl nies ererindexesi te noccupies’ | L.A. Pohl MCLB "Unoccupied" Mode disabled. Need enabled. 
Testing Schedule. 
Fixed ition d id "O ied: Mode 24/7 
Fuctional Unable to verify function of air dampers with respect to duct static aaiebaocmth —. =| oe - e 24/ 
7/30/15 HVAC AHU-1B n/a ae f 4 L. A. Pohl MCLB do not allow this check. Also believe function not 
Testing pressure for fan speed variations and/or air volume adjustments. 
programmed. 
Fuctianal Unable to verify certain functions -e.g. reset of static pressure 
7/30/15 HVAC AHU-1B Testini n/a setpoint, fan speed adjustments w/r static pressure fluctuations, L. A. Pohl MCLB Sequence of Operations not available. 
8 letc. as per Sequence of Operations. 
Fuctional Unable to verify operational conditions - e.g. SF Off, CHW Valve 
7/30/15 HVAC AHU-1B Testing n/a 100% closed, Outside Air Damper closed, etc. for "Unoccupied" L. A. Pohl MCLB "Unoccupied" Mode disabled. Need enabled. 
Mode. 
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Commissioning Issues Log - Addison Energy Technologies, LLC 


Project: MCLB Albany - Building 3700 AHUs and ERU Equipment 
Date: 8/24/2015 
New/Open: 87 
Closed: 0 
Next issue #: 
REF # CURRENT: DATE NOTED Sein ACTIVITY REN DOC ORIGINAL COMMENT COMMENTER PERSON PROJECT TEAM RESPONSE RESPONDER NOTES OWNERIREVIEW 
STATUS Equipment (Dwg/Spec) RESPONSIBLE NEEDED? 
7/30/15 HVAC AHU-1B Fuctional n/a Unable to determine functionality of "Unoccupied Override" or if it L.A. Pohl MCLB Sequence of Operations not available. 
Testing exists. "Unoccupied" Mode disabled. 
Fuctional 
7/30/15 HVAC AHU-2A ae n/a |Unit scheduled "Occupied" 24/7 L.A. Pohl MCLB "Unoccupied" Mode disabled. Need enabled. 
esting 
7/30/15 HVAC AHU-2A Fuctional na Unable to verify all terminal units are indexed to AHU Occupied L.A. Pohl MCLB 
Testing Schedule. 
Fuctional Unable t ify all terminal unit: indexed to AHU U ied 
7/30/15 HVAC AHU-2a |‘ ucuon’ n/a Rave tovelifyaligerninerunits areindexedire noceupie’’ | L.A. Pohl MCLB "Unoccupied" Mode disabled. Need enabled. 
Testing Schedule. 
< - . ; A : Fixed position dampers and "Occupied: Mode 24/7 
Fuct! I Unable t funct f air di ith t to duct stat! 
7/30/15 HVAC AHU-2A | UCHOne n/a nable to verify function’of air dampers withirespecttoductstatie|) |. soni MCLB do not allow this check. Also believe function not 
Testing pressure for fan speed variations and/or air volume adjustments. 
programmed. 
Fuctional Unable to verify certain functions -e.g. reset of static pressure 
7/30/15 HVAC AHU-2A Testin n/a setpoint, fan speed adjustments w/r static pressure fluctuations, L. A. Pohl MCLB Sequence of Operations not available. 
8 letc. as per Sequence of Operations. 
Fuctional Unable to verify operational conditions - e.g. SF Off, CHW Valve 
7/30/15 HVAC AHU-2A Testi n/a 100% closed, Outside Air Damper closed, etc. for "Unoccupied" L.A. Pohl MCLB "Unoccupied" Mode disabled. Need enabled. 
estin 
i Mode. 
Fuctional Unable to determine functionality of "Unoccupied Override" or if it Sequence of Operations not available. 
7/30/15 HVAC AHU-2A : n/a : L.A. Pohl MCLB i ae ; 
Testing exists. Unoccupied" Mode disabled. 
Fuctional 
7/30/15 HVAC AHU-2B Testing n/a |Unit scheduled "Occupied" 24/7 L.A. Pohl MCLB "Unoccupied" Mode disabled. Need enabled. 
Fuctional Unable to verify all terminal units are indexed to AHU Occupied 
7/30/15 HVAC AHU-2B . n/a L.A. Pohl MCLB 
Testing Schedule. 
Fuctional Unable t ify all terminal unit: indexed to AHU U ied 
7/30/15 HVAC AHU-28 | ‘Sonona n/a Revie OMEN sli ketrnln annie, are inceneye noccupiec’ | L.A. Pohl MCLB "Unoccupied" Mode disabled. Need enabled. 
Testing Schedule. 
Fixed ition d id "O ied: Mode 24/7 
Fuctional Unable to verify function of air dampers with respect to duct static paeeaemney ae = aii - e 24/ 
7/30/15 HVAC AHU-2B 7 n/a on 7 2 L.A. Pohl MCLB do not allow this check. Also believe function not 
Testing pressure for fan speed variations and/or air volume adjustments. 
programmed. 
Fuctional Unable to verify certain functions -e.g. reset of static pressure 
7/30/15 HVAC AHU-2B Testin n/a setpoint, fan speed adjustments w/r static pressure fluctuations, L. A. Pohl MCLB Sequence of Operations not available. 
8 letc. as per Sequence of Operations. 
Fuctional Unable to verify operational conditions - e.g. SF Off, CHW Valve 
7/30/15 HVAC AHU-2B Testin n/a 100% closed, Outside Air Damper closed, etc. for "Unoccupied" L. A. Pohl MCLB "Unoccupied" Mode disabled. Need enabled. 
i Mode. 
7/30/15 HVAC AHU-2B Fuctional n/a Unable to determine functionality of "Unoccupied Override" or if it L.A. Pohl MCLB Sequencer Operations not available. 
Testing exists. "Unoccupied" Mode disabled. 
Fuctional 
7/30/15 HVAC AHU-3A i ae n/a |Unit scheduled "Occupied" 24/7 L. A. Pohl MCLB "Unoccupied" Mode disabled. Need enabled. 
esting 
7/30/15 HVAC AHU-3A Fuctional ae Unable to verify all terminal units are indexed to AHU Occupied L.A. Pohl MCLB 
Testing Schedule. 
Fuctional Unable t ify all terminal unit: indexed to AHU U ied 
7/30/15 HVAC AHU-3A | UCHona n/a Hable to.verity al:termifial Units.are, Indexed to sca ra L.A. Pohl MCLB "Unoccupied" Mode disabled. Need enabled. 
Testing Schedule. 
é ‘i 7 F F A Fixed position dampers and "Occupied: Mode 24/7 
Fucti I Unable t funct f air di ith ‘t to duct stat! 
7/30/15 HVAC AHU-3A | UCHOne n/a able to verity tunction:of air.dampers withirespect te.ductistatie;| i. abit MCLB do not allow this check. Also believe function not 
Testing pressure for fan speed variations and/or air volume adjustments. 
programmed. 
Fuctional Unable to verify certain functions -e.g. reset of static pressure 
7/30/15 HVAC AHU-3A Testin n/a setpoint, fan speed adjustments w/r static pressure fluctuations, L. A. Pohl MCLB Sequence of Operations not available. 
8 letc. as per Sequence of Operations. 
Fuctional Unable to verify operational conditions - e.g. SF Off, CHW Valve 
7/30/15 HVAC AHU-3A Testi n/a 100% closed, Outside Air Damper closed, etc. for "Unoccupied" L.A. Pohl MCLB "Unoccupied" Mode disabled. Need enabled. 
estin 
. Mode. 
Fuctional Unable to determine functionality of "Unoccupied Override" or if it Sequence of Operations not available. 
7/30/15 HVAC AHU-3A ; n/a ; L.A. Pohl MCLB ; ae ‘ 
Testing exists. Unoccupied" Mode disabled. 
Fuctional 
7/30/15 HVAC AHU-3B Teste n/a __|Unit scheduled "Occupied" 24/7 L.A. Pohl MCLB "Unoccupied" Mode disabled, Need enabled. 
Fuctional Unable to verify all terminal units are indexed to AHU Occupied 
7/30/15 HVAC AHU-3B A n/a L.A. Pohl MCLB 
Testing Schedule. 
Fuctional Unable t ify all terminal unit: indexed to AHU U ied 
7/30/15 HVAC AHU-3B | oon on? nfa able to erty all terminal Units are, indexed to noccupied’ | L.A. Pohl MCLB "Unoccupied" Mode disabled, Need enabled. 
Testing Schedule. 
Fixed ition d, id "O ied: Mode 24/7 
Fuctional Unable to verify function of air dampers with respect to duct static eo Perea augers an aati! je 24/ 
7/30/15 HVAC AHU-3B A n/a foc : ‘ L.A. Pohl MCLB do not allow this check. Also believe function not 
Testing pressure for fan speed variations and/or air volume adjustments. d 
programmed. 
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Project: MCLB Albany - Building 3700 AHUs and ERU Equipment 
Date: 8/24/2015 
New/Open: 87 
Closed: 0 
Next issue #: 
REF # CURRENT! DATE NOTED SSeiN/ ACTIVITY REnDOC ORIGINAL COMMENT COMMENTER PERSON PROJECT TEAM RESPONSE RESPONDER NOTES OWNERIREVIEW. 
STATUS Equipment (Dwg/Spec) RESPONSIBLE NEEDED? 

Fuctional Unable to verify certain functions -e.g. reset of static pressure 

7/30/15 HVAC AHU-3B Testiti n/a setpoint, fan speed adjustments w/r static pressure fluctuations, L.A. Pohl MCLB Sequence of Operations not available. 

8 letc. as per Sequence of Operations. 

Fuctional Unable to verify operational conditions - e.g. SF Off, CHW Valve 

7/30/15 HVAC AHU-3B Testin n/a 100% closed, Outside Air Damper closed, etc. for "Unoccupied" L.A. Pohl MCLB "Unoccupied" Mode disabled. Need enabled. 

6 Mode. 

Fuctional Unable to determine functionality of "Unoccupied Override" or if it Sequence of Operations not available. 

7/30/15 HVAC AHU-3B f n/a : L.A. Pohl MCLB ti i it A 
Testing exists. Unoccupied" Mode disabled. 

Fixed position dampers and "Occupied: Mode 24/7 

7/30/15 HVAC ERU Fuctional ae Unable to verify normelifunctionalities of ERU with respect to L.A. Pohl MCLB fon anus does not allow this check Also belleve : 

Testing Sequence of Operations. function not programmed. "BAS" depicts Mixed Air 
Damper (By-Pass) "open" but this is questionable. 
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Appendix C 


Commissioning Field Reports 


Field 
Observations 


No. 1 


Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal 
Thermal Energy Storage Building 3700 MCLB Albany | 960 (ESTCP No. 
EW-200135) 


Commissioning (Cx) Field Report #1, HVAC Installation Verification: HVAC 
Installation Verification site visits were performed by Mike Sabo on 6/1/15 
through 6/4/15. The project has reached substantial completion. Several 
issues have been identified and will need to be addressed before functional 
performance testing can begin. 


Issues 15 


FO-1-1 


Exhaust fan EF-1 is not operational per plan and duct work is in poor 
condition. 


FO-1-2 Gm5=5 


MODERATE 


Author Mike Sabo 
Present Bill Adams, Paul Southwell, 
Jamie Martin from AET; David 
Fugua and Jason Norris from 
Artesian Contracting; Ray from 
SafeAir; Ken Alexander from 
McKenneys 
Date Observed 6/4/2015 
Weather Sunny High of 85 
Location Albany, GA 
Type Commissioning 


Assigned To SafeAir 
Asset HVAC 
Discipline Mechanical 
Drawing M201 
Due Date 6/11/2015 
Created By Mike Sabo 
Identified On 6/4/2015 5:36 AM 


BTES pump P-2 coupling was defective as of 5/21/15. Mechanical 


contractor to fix. 


Pump coupling has been fixed 
Mike Sabo on 06/18/2015 at 12:53 PM 


Assigned To SafeAir 
Asset P-2 
Pump 
HVAC 
Discipline Mechanical 
Drawing Mech 
Due Date 6/11/2015 
Created By Mike Sabo 
Identified On 6/4/2015 5:37 AM 
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Field Observation No. 1 | Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal Thermal Energy Storage 
Building 3700 MCLB Albany | 960 (ESTCP No. EW-200135) 


FO-1-3 


Existing energy recovery unit (ERU) is supplying too much direct Outdoor Assigned To Owner 

Air (OA). The supply fan appears to be at full speed and the ductwork has Asset Air Handling Unit 
been compromised (i.e. "blown out"). The exhaust fan is operating ata Discipline Mechanical 

much lower speed. The ERU OA dampers are in full open position with the Drawing Mech 

outside air temperature above 85F (perhaps in OA economizer’). Due Date 6/11/2015 
Furthermore, the OA and RA dampers for AHUs 1A and 1B are all in full Created By Mike Sabo 

open position indicating that they have not been adjusted to bring in the Identified On 6/4/2015 5:38 AM 


proper OA/RA combination even if the ERU is returned to normal operation. 
The OA dampers for AHUs 2A, 2B, 3A and 3B also appear much more open 
than expected. This building-wide operating condition will result in too much 
latent and sensible load on the chilled water coils in the AHUs. The ERU 
and AHUs should be placed back into proper operation or there will be 
temperature and humidity issues in the building not caused by the GHP 
project. 


FO-1-4 


The ChW, HW, and SW expansion tanks do not have pressure gauges. Assigned To SafeAir 
These are shown in the piping schematics M301, M302, M303 Asset HVAC 
Discipline Mechanical 
Drawing M301, M302, M303 
Due Date 6/11/2015 
Created By Mike Sabo 
Identified On 6/4/2015 5:39 AM 


FO-1-5 


Existing refrigerant monitor in alarm and not interlocked with fan. Assigned To McKenney's 
Asset Chiller 
Discipline Mechanical 
Drawing Mech 
Due Date 6/11/2015 
Created By Mike Sabo 
Identified On 6/4/2015 5:39 AM 


FO-1-6 


Strainer near dry coolers will be difficult to clean. Assigned To Ray and Sons 
Asset Dry Cooler 
Discipline Mechanical 
Due Date 6/11/2015 
Created By Mike Sabo 
Identified On 6/4/2015 5:42 AM 
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Field Observation No. 1 | Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal Thermal Energy Storage 


Building 3700 MCLB Albany | 960 (ESTCP No. EW-200135) 
FO-1-7 


The following are installed backwards: 
1) AHU-2B coil circuit setter 

2) AHU-1A bypass circuit setter 

3) AHU-1B bypass circuit setter 


Assigned To SafeAir 
Asset Air Handling Unit 
Discipline Mechanical 
Drawing Mech 
Due Date 6/11/2015 
Created By Mike Sabo 
Identified On 6/4/2015 6:00 AM 


During the 6/17/15 visit, circuit setter for the coil in AHU-2B was correct. The other two are still incorrect but have been completely 
shut to make the coil configuration operate similar to 2-way vice 3-way. No further action needed until the 2-way vs 3-way chilled 


water coil is corrected. Issue to remain open for tracking purposes. 


Mike Sabo on 06/18/2015 at 12:57 PM 


FO-1-8 


The summation of the GPM for all the 3-way HW valves is 49.5. The 
automatic flow control valves are installed to maintain the scheduled GPM in 
the HW coils given the pumps are providing enough head. Closing the flow 
to all of the reheat coils and closing the existing HW bypass should result in 
flow of 49.5 GPM. We were only flowing 27 GPM with all the VAVs in 
bypass, the HW bypass closed and one hot water pump at 100%. The DP in 
the HW loop reached 47 psi before we opened the bypass. We are very 
confident that there are restrictions in the HW system but cannot fully know 
the extent because the chiller conditions affect the flow in the HW loop. The 
test should be run again with two chiller modules "open" to HW loop to 
confirm the full extent of the restrictions on the building side. Then the 
blockages should be found and removed so we can achieve a flow of 49.5 
GPM during the same test. 


Assigned To Owner 
Asset Heating Hot Water Loop 


ng Hot Water Loop 


Discipline Mechanical 
Drawing Mech 
Due Date 6/11/2015 
Created By Mike Sabo 
Identified On 6/4/2015 6:01 AM 


This issue has been corrected (temporarily). The building maintenance staff has been closing the return leg of the reheat coil likely 
due when responding to a hot call. They will likely end up in a low flow condition if the maintenance staff continues to close the 


valves. The owner needs to address this. 


3/2015 at 01:01 PM 


Mike Sz 


FO-1-9 


The unit heater and corresponding controls are not installed yet 
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Assigned To SafeAir 
Asset UH-1 


Ur 


Heater 


Lu 


rI\ Y 
Discipline Mechanical 
Drawing Mech 
Due Date 6/18/2015 
Created By Mike Sabo 
Identified On 6/4/2015 6:17 AM 


Field Observation No. 1 | Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal Thermal Energy Storage 


Building 3700 MCLB Albany | 960 (ESTCP No. EW-200135) 
FO-1-10 LOW 


The chiller modules cannot be functionally tested individually since the on- 
board controls cannot be "manipulated" by anyone except the ClimaCool 
equipment rep. The workaround is to functionally test the entire chiller at 
once using the existing conditions at the time of commissioning and 
verifying trend logs. 


FO-1-11 


There will be no commissioning efforts for the existing ERU. The 
commissioning of the existing AHUs will consist of verifying occupied 
schedules only (currently all 6 AHUs are set to occupied 24/7). The TAB 
efforts for the ERU and existing AHUs will only consist of simple supply/ 
exhaust air measurements as appropriate for the conditions that exist at 
exact time of TAB. The reason for this is: 

1) The existing ERUs and AHUs were not modified by the construction 
project and are considered to be outside the scope of work. 

2) We have no authority or access rights to modify/change/manipulate the 
operating conditions. 

3) We have no design data on the ERUs or AHUs. 

4) We do not have current and accurate sequences of operation for the 
ERUs or AHUs. 


FO-1-12 


The set points and configuration for the VAV terminals have been retained 
from the original BAS. They are able to be accessed and actively changed 
by the building maintenance staff. Many of the thermal zones were in 
heating when the outside air temperature is over 80F. Are we intentionally 
allowing the zones to be in "reheat" or are the terminals in heating because 
the space setpoints are too high and offset too low? If the latter, recommend 
an equivalent deadband of 5 degrees F, a heat lockout sequence when OA 
temp is above 65F, and a supply air temperature reset based on the number 
of units in cooling/heating. This should help keep the building load under 
better control. 


FO-1-13 


The heating water and chilled water pumps are set-up in the control system 
as lead/lag. This appears to be a miscommunication between the specs and 
controls submittal. Confirm that the CW and HW pumps are operated in 
duty/standby (with periodic rotation of the pump that is in duty). This will be 
similar to the source water and BTES pumps. 
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Assigned To Owner 
Asset Chiller 
Discipline Mechanical 
Drawing Cx Specs 
Due Date 6/18/2015 
Created By Mike Sabo 
Identified On 6/4/2015 6:28 AM 


Assigned To Owner 
Asset Air Handling Unit 
Discipline Mechanical 
Drawing Mech 
Due Date 6/18/2015 
Created By Mike Sabo 
Identified On 6/4/2015 7:01 AM 


Assigned To Owner 
Asset HVAC 
Discipline Mechanical 
Drawing Mech 
Due Date 6/18/2015 
Created By Mike Sabo 
Identified On 6/4/2015 7:07 AM 


Assigned To Owner 
Asset HVAC 
Discipline Mechanical 
Drawing Specs 
Due Date 6/18/2015 
Created By Mike Sabo 
Identified On 6/4/2015 7:15 AM 


Field Observation No. 1 | Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal Thermal Energy Storage 


Building 3700 MCLB Albany | 960 (ESTCP No. EW-200135) 
FO-1-14 LOW 


The VAVs can be configured to generate an alarm with a space temperature 
high limit and a space temperature low limit. Owner needs to provide these 
limits and needs to provide where the alarm should be viewed. 


FO-1-15 


The final configuration of the chilled water coils (2-way or 3-way valves has 
to be established before balancing pumps. Recent testing indicated the 
3-way valves should remain. 
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Assigned To Owner 
Asset Terminal Unit 
Discipline Mechanical 
Drawing Mech 
Due Date 6/18/2015 
Created By Mike Sabo 
Identified On 6/4/2015 8:48 AM 


Assigned To Owner 
Asset Air Handling Unit 
Discipline Mechanical 
Drawing Mech 
Due Date 6/11/2015 
Created By Mike Sabo 
Identified On 6/4/2015 11:51 AM 


No. 2 


Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal 
Thermal Energy Storage Building 3700 MCLB Albany | 960 (ESTCP No. 
EW-200135) 


Commissioning (Cx) Field Report #2, Electrical Verification / Pre-functional 
Checklist Visit: A site visit was performed by Paul Southwell from 6/1/2015 
to 6/4/2015.The electrical was roughed-in and most of the equipment was in 
place. The new distribution section to the existing switchgear was was 
onsite but not activated. Apparently the buss bars were not in alignment and 
additional components had to be ordered. This created a month delay in the 
job schedule Electrical work in the Dry Cooler area was taking place at this 
time. The majority of the HVAC equipment was operational and the 
mechanical commissioning has begun. The attached issues, documented 
based on the categories: plan/specification compliance, NEC Code 
Compliance, Documentation requirements, Testing requirements, and 
Verification requirements are all listed in this report organized by priority 
levels of Low, Moderate, and High. 


Issues 32 


FO-2-1 


Provide laminated plastic nameplates for each switchboard, 
equipment enclosure, relay, switch, and device; as specified in this 
section or as indicated on the drawings 


Metro Power committed to having breaker identification complete by 6/17/2015 


Paul Southwell on 06/17/2015 at 09:13 AM 


Please give schedule for compliance. 
Paul Southwell on 06/12/2015 at 08:56 AM 
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aTY 


‘Aasieen Rnorgy Tovhasingis, Le 


Author Paul Southwell 
Present Jason Norris,Artesian 
David Fuqua, Artesian 
Mark Andrews, AH&P 
Jaime Martin, AET 
Ken Allen. McKenny 
Mike Sabo, AET 
Date Observed 6/4/2015 
Weather Sunny, 85 degrees, Humid 
Location MCLB_Albany 
Type Commissioning 


Assigned To MetroPower 
Discipline Electrical 
Drawing Elec 
Due Date 6/17/2015 
Created By Paul Southwell 
Identified On 6/3/2015 6:24 PM 
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FO-2-2 


Mount switchboard on concrete slab. The slab thickness shall match the Assigned To Artesian Contracting 
existing. Edges above floor shall have 1/2 inch chamfer. The slab shall be of Asset “ Switchboards 
adequate size to project at least 8 inches beyond the equipment. Current ® Switchboards 


taf Electrical 
Discipline Electrical 
Drawing Specification Section 12 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 8:51 AM 


slab does not meet specification 


Slab does not agree with specifications. MetroPower indicates this was Artesian's responsibility, Artesian response? 


Paul Southwell on 06/12/2015 at 08:58 AM 


FO-2-3 


Ckt MDP-L1c_1 to hot water unit heater not installed, including motor switch Assigned To MetroPower 
Sm Asset “ Wiring 
® Wiring 


ta? Electrical 
Discipline Electrical 
Drawing E102 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:25 AM 


Metro Power to have power and controls complete by June 26,2015 
Paul Southwell on 06/17/2015 at 09:31 AM 


SafeAire agrees to have unit heater and louver installed by June 19, 2005 
Paul Southwell on 06/17/2015 at 09:30 AM 


MetroPower indicates this has not been installed yet? What is schedule on installation of hot water unit heater? 


Paul Southwell on 06/12/2015 at 09:00 AM 


Field Observations | Printed on 12/07/2015 | Page 8 of 33 


GAlloy 


Field Observation No. 2 | Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal Thermal Energy Storage 
Building 3700 MCLB Albany | 960 (ESTCP No. EW-200135) 


FO-2-4 


Ckt MDP-L1c_2 to louver/fan not installed, including modifications to Assigned To MetroPower 

existing starter Asset Wiring 
Wiring 
Electrical 


Discipline Electrical 
Drawing E102 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:27 AM 


Metro power to have power and controls by June 26, 2015. 
Paul Southwell on 06/17/2015 at 09:34 AM 


SafeAire to have louver installed by June 19, 2015 
Paul Southwell on 06/17/2015 at 09:33 AM 


MetroPower indicates that the louver/fan has not been installed yet. What is schedule on installation of louver /fan? 


Paul Southwell on 06/12/2015 at 09:00 AM 


FO-2-5 


Unless otherwise provided, MC cables shall be secured at intervals not Assigned To McKenney's 

exceeding 1.8 m (6 ft). Cables containing four or fewer conductors sized no Asset Wiring 

larger than 10 AWG shall be secured within 300 mm (12 in.) of every box, Wiring 
Electrical 


cabinet, fitting, or other cable termination. (Mechanical Rm ceiling) 
Discipline Electrical 


Drawing NEC 330.30(b) 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:49 AM 


Problem supporting MC cable resolved. 
Paul Southwell on 06/17/2015 at 09:44 AM 


MetroPower is indicating that they are not using MC cable, is McKenny using MC cable in the mechanical room? 


Paul Southwell on 06/12/2015 at 09:05 AM 
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FO-2-6 


358.12 Uses Not Permitted. EMT shall not be used under the following Assigned To MetroPower 

conditions: Where, during installation or afterward, it will be subject to Asset Wiring 

severe physical damage.(mechanical room floor) Wiring 
Electrical 


Discipline Electrical 
Drawing NEC_300.4 / 358.12 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:50 AM 


Exposed EMT to pumps has been replaced with GRC with the exception of Pump #4, Metro Power agrees to have last pump done 
by June 26, 2015 
Paul Southwell on 06/17/2015 at 09:46 AM 


MetroPower agrees to change EMT to GRC where applicable, what about McKenny? 
Paul Southwell on 06/12/2015 at 09:07 AM 
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312.2 Damp and Wet Locations. In damp or wet locations, surface-type Assigned To MetroPower 
enclosures within the scope of this article shall be placed or equipped so as ~ Wiring 
to prevent moisture or water from entering and accumulating within the Wiring 
cabinet or cutout box. (Chiller disconnects have top penetrations using EMT 
connectors instead of water-tight hubs.) 


taf Electrical 


Discipline Electrical 
Drawing NEC_312.2 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:51 AM 


Paul Southwell agrees with Metro Power that mechanical room is not a damp or wet area, therefore, this deficiency is deleted. 
Paul Southwell on 06/17/2015 at 09:50 AM 


MetroPower debates the need for weather-proof enclosures. Electrical drawing E102 indicates weather-proof / GFl receptacles to 
be used in mechanical room. 
Paul Southwell on 06/12/2015 at 09:13 AM 
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Uses Not Permitted. PVC conduit shall not be used under the conditions Assigned To McKenney's 

specified in 352.12(A) through (E). Where subject to physical damage Asset “ Wiring 

unless identified for such use. (PVC conduit is exposed at the floor level at » Wiring 
tai Electrical 


two locations in mechanical room) 
Discipline Electrical 


Drawing NEC_352.12 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:52 AM 


PVC should be converted to either IMC or GRC where exposed to physical damage. 
Paul Southwell on 06/17/2015 at 09:52 AM 


MetroPower questions ownership of PVC subject to damage coming out of the slab in mechanical room, is this McKenny's 
Paul Southwell on 06/12/2015 at 09:16 AM 
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Openings around electrical penetrations into or through fire-resistant-rated Assigned To Artesian Contracting 
walls, partitions artitions, floors, or ceilings shall be firestopped using Asset “ Wiring 
approved methods to maintain the fire resistance rating. (Conduits ® Wiring 


411 Electrical 
Discipline Electrical 
Drawing NEC_300.21 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:53 AM 


penetrating wall separating Electrical room and mechanical room.) 


MetroPower claims this is Artesian responsibility 


Paul Southwell on 06/12/2015 at 09:17 AM 
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In the Dry Cooler area, a mixture of rigid, EMT, and PVC conduits are Assigned To McKenney's 
utilized. Asset “ Wiring 
® Wiring 


taf Electrical 
Discipline Electrical 
Drawing NEC_300.4 / 358.12/312.2 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:55 AM 


Only GRC and IMC in use now, deficiency issue resolved. 
Paul Southwell on 06/17/2015 at 10:16 AM 


MetroPower claims all conduit installed by them is GRC, is the EMT and PVC McKenny's 
Paul Southwell on 06/12/2015 at 09:18 AM 
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In the Dry Cooler area, a mixture of enclosures ranging from Nema 3R, Assigned To MetroPower 
Nema 4x, and Nema 6P were observed. NEMA 4X and NEMA 6P are more Asset * Wiring 
water resistant than NEMA 3R. ® Wiring 


411 Electrical 
Discipline Electrical 
Drawing NEC-Table 110.28 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:56 AM 


Metro Power has complied with the contract documents by supplying the correct panel in a NEMA 3R enclosure 
Paul Southwell on 06/17/2015 at 10:18 AM 


MetroPower claims contract documents call for NEMA 3R enclosure. Whereas contract documents (Drawing E400) requires 
NEMA 4X enclosures. 
Paul Southwell on 06/12/2015 at 09:25 AM 
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Hybrid Dry Cooler De-Alkalizer/Water softener receptacles-should be Assigned To MetroPower 
weather proof / GFl(Mechanical Rm) Asset “ Wiring 
® Wiring 


411 Electrical 
Discipline Electrical 
Drawing M407 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:57 AM 


Contract documents did not specify weather proof and/or GFI receptacles 
Paul Southwell on 06/17/2015 at 10:20 AM 


MetroPower debates the need for weather-proof enclosures. Electrical drawing E102 indicates weather-proof / GF receptacles to 
be used in mechanical room. 
Paul Southwell on 06/12/2015 at 09:27 AM 
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FO-2-13 


Weater proof , GFl receptacles should be located adjacent DDC control Assigned To MetroPower 
panels and chiller control cabinet. ° 


Discipline Electrical 
Drawing E102 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 9:58 AM 


Contract documents did not specify weather proof and/or GFI receptacles 
Paul Southwell on 06/17/2015 at 10:20 AM 


MetroPower debates the need for weather-proof enclosures. Electrical drawing E102 indicates weather-proof / GFl receptacles to 
be used in mechanical room. 


Paul Southwell on 06/12/2015 at 09:27 AM 


FO-2-14 


Inspect all bolted electrical connections for high resistance Assigned To MetroPower 
using low-resistance ohmmeter, verifying tightness of accessible " Switchboards 
bolted electrical connections by calibrated torque-wrench method, Switchboards 


ii 
or performing thermographic survey. eegan = eae 
iscipline Electrica 


Drawing Specification Section 12 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:01 AM 


Metro Power agrees to switchboard verification at next power outage, currently scheduled for June 28, 2015 
Paul Southwell on 06/17/2015 at 10:23 AM 


MetroPower agrees to comply during outage to remove temporary power 
Paul Southwell on 06/12/2015 at 09:28 AM 
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Electrical Tests: Perform insulation-resistance tests on each bus section. Assigned To Owner 
Asset “, Switchboards 
® Switchboards 
144 Electrical 


Discipline Electrical 
Drawing Specification Section 12 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:02 AM 


Delete this issue, buss bars are not insulated 
Paul Southwell on 06/17/2015 at 10:25 AM 


MetroPower questions whether MCLB will be acceptable to insulation resistance testing? 
Paul Southwell on 06/12/2015 at 09:30 AM 


FO-2-16 


Electrical Tests: Perform over potential tests. Assigned To Owner 
Asset ™, Switchboards 
® Switchboards 
‘at Electrical 


Discipline Electrical 
Drawing Specification Section 12 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:03 AM 


Metro Power to check with owner since test requires putting stress on switchgear. 
Paul Southwell on 06/17/2015 at 10:26 AM 


MetroPower questions whether MCLB will be acceptable to over potential testing? 
Paul Southwell on 06/12/2015 at 09:31 AM 


Field Observations | Printed on 12/07/2015 | Page 18 of 33 


GAlloy 


Field Observation No. 2 | Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal Thermal Energy Storage 
Building 3700 MCLB Albany | 960 (ESTCP No. EW-200135) 


FO-2-17 


Switchgear Enclosure/Cabinetry: Megger test of bus — phase to phase and Assigned To MetroPower 

phase to ground. Test voltage per manufacturer’s recommendations Asset Switchboards 
Switchboards 
Electrical 


Discipline Electrical 
Drawing Low Voltage Switchgear Ch 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:05 AM 


Metro Power to check with owner since test requires putting stress on switchgear. 
Paul Southwell on 06/17/2015 at 10:27 AM 


Testing procedures were inadvertently taken from the Medium Voltage Switchgear Construction Checklist as opposed to Low 
Voltage Switchgear Construction Checklist. Same test apply. 
Paul Southwell on 06/12/2015 at 10:04 AM 


FO-2-18 


Hi-potential test of bus — phase to phase and phase to ground. Test voltage Assigned To MetroPower 

per manufacturer's recommendations Asset Switchboards 
Switchboards 
Electrical 


Discipline Electrical 
Drawing Low Voltage Switchgear Ch 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:06 AM 


Metro Power to check with owner since test requires putting stress on switchgear. 
Paul Southwell on 06/17/2015 at 10:27 AM 


Testing procedures were inadvertently taken from the Medium Voltage Switchgear Construction Checklist as opposed to Low 
Voltage Switchgear Construction Checklist. Same test apply. 
Paul Southwell on 06/12/2015 at 10:04 AM 
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FO-2-19 


Feeder Circuit Breakers: Megger test of circuit breaker — phase to phase Assigned To MetroPower 
and phase to ground. Test voltage per manufacturer’s recommendations Asset Electrical 
Discipline Electrical 
Drawing Low Voltage Switchgear Ch 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:07 AM 


Metro Power to check with owner since test requires putting stress on switchgear. 
Paul Southwell on 06/17/2015 at 10:28 AM 


Testing procedures were inadvertently taken from the Medium Voltage Switchgear Construction Checklist as opposed to Low 
Voltage Switchgear Construction Checklist. Testing requirements are the same 
Paul Southwell on 06/12/2015 at 10:04 AM 


FO-2-20 


Feeder Circuit Breakers: Hi-potential test of circuit breaker — phase to phase Assigned To MetroPower 

and phase to ground. Test voltage per manufacturer’s recommendations Asset Switchboards 
Switchboards 
Electrical 


Discipline Electrical 
Drawing Low Voltage Switchgear Ch 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:08 AM 


Metro Power to check with owner since test requires putting stress on switchgear. 
Paul Southwell on 06/17/2015 at 10:28 AM 


Testing procedures were inadvertently taken from the Medium Voltage Switchgear Construction Checklist as opposed to Low 
Voltage Switchgear Construction Checklist. Same test apply. 
Paul Southwell on 06/12/2015 at 10:05 AM 


FO-2-21 


Distribution Panel Enclosure/Cabinetry: Megger test of bus — phase to Assigned To MetroPower 
phase and phase to ground. Test voltage per manufacturer’s Asset Panelboards 
recommendations. Discipline Electrical 


Drawing Panel Construction Checkl 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:10 AM 


Metro Power to check with owner since test requires putting stress on switchgear. 
Paul Southwell on 06/17/2015 at 10:28 AM 


MetroPower agrees to testing on Panel DP-L1CC 
Paul Southwell on 06/12/2015 at 10:39 AM 
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FO-2-22 


Installation Checks: Resistance of the grounding system has been Assigned To MetroPower 

measured and recorded. Provide method of measurement. Asset Wiring 
Wiring 
Electrical 


Discipline Electrical 
Drawing Grounding System Construc 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:11 AM 


Metro Power agrees to this installation check, to be complete by June 26, 2015 


Paul Southwell on 06/17/2015 at 10:29 AM 


MetroPower agrees to testing on Panel DP-L1CC 


Paul Southwell on 06/12/2015 at 10:40 AM 


FO-2-23 


Documentation required by Specification Section 12 23 00: Assigned To MetroPower 
1.Furnish documentation showing the results of design tests on a product of Asset Switchboards 
the same series and rating as that provided by this specification, short- Switchboards 


Electrical 
Discipline Electrical 
Drawing Specification Section 12 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:22 AM 


circuit current test 

2.Furnish documentation showing the results of design tests on a product of 
the same series and rating as that provided by this specification, enclosure 
test 

3.Furnish documentation showing the results of design tests on a product of 
the same series and rating as that provided by this specification, dielectric 
test 

4.Furnish reports which include results of production 

tests performed on the actual equipment for this project. These tests 
include:a. 60-hertz dielectric tests 

5.Furnish reports which include results of production 

tests performed on the actual equipment for this project. These tests 
include:a. mechanical operation tests 

6.Furnish reports which include results of production 

tests performed on the actual equipment for this project. These tests 
include electrical operation and control wiring tests 


Metro Power agrees to documentation required by Specification Section 12 23 00., to be complete by June 26, 2015. 


Paul Southwell on 06/17/2015 at 10:31 AM 


MetroPower has requested information from manufacturer on 6/8/2015 


Paul Southwell on 06/12/2015 at 10:41 AM 
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Documentation required based upon Low Voltage Switchgear Construction 
Checklist and Panel Construction Checklist: 

1. Requested documentation submitted: Manufacturer's cut sheets 
2.Requested documentation submitted: Installation and startup manual and 
plan 

3.Requested documentation submitted: O&M manuals 

4.Requested documentation submitted: Sequences and control strategies 
5.Requested documentation submitted: Warranty Certificate 

6.Requested documentation submitted: Installation and startup manual and 
plan 


This requirement met by previous issue, FO-2-24 


Paul Southwell on 06/17/2015 at 10:33 AM 


Assigned To MetroPower 
Asset Wiring 


Discipline Electrical 
Drawing Low Voltage Switchgear Ch 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:33 AM 


Testing procedures were inadvertently taken from the Medium Voltage Switchgear Construction Checklist as opposed to Low 


Voltage Switchgear Construction Checklist. 


Paul Southwell on 06/12/2015 at 10:05 AM 


FO-2-25 Gs 


Verification required by Specification Section 12 23 00: 

1. Compare equipment nameplate data with specifications and approved 
shop drawings. 

2.Confirm correct application of manufacturer's recommended 

lubricants. 

3.Verify that circuit breaker sizes and types correspond to approved 

shop drawings. 

4.Confirm correct operation and sequencing of electrical and 

mechanical interlock systems. 

5.Verify correct barrier installation. 

6.Verify that vents are clear. 

7.MANUFACTURER'S NAMEPLATE:Each item of equipment shall have a 
nameplate bearing the manufacturer's name, address, model number, and 
serial number securely affixed in a 

conspicuous place; the nameplate of the distributing agent will not be 
acceptable. This nameplate and method of attachment may be the 
manufacturer's standard if it contains the required information. 


MetroPower has verified items 1 through 7 


Paul Southwell on 06/12/2015 at 10:46 AM 
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Assigned To MetroPower 
Asset Switchboards 


Discipline Electrical 
Drawing Specification Section 12 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 10:43 AM 
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Verification required by Low Voltage Switchgear Construction Checklist: 

1. Switchgear enclosure /Cabinetry: Equipment installed per manufacturer’s 
instructions and specifications 

2. Switchgear Enclosure /Cabinetry: Equipment installed agrees with shop 
drawings and specifications 

3.Switchgear Enclosure/Cabinetry: Verify mounting, location and clearances 
are per plans and specifications 

4.Switchgear Enclosure /Cabinetry: Inspect for physical, electrical and 
mechanical condition of equipment and cabinet. No damage evident 
5.Switchgear Enclosure /Cabinetry:Inspect panels and doors for proper fit 
and alignment 

6.Switchgear Enclosure /Cabinetry: Equipment labels permanently affixed 
7.Switchgear Enclosure /Cabinetry: Panel is clean and clear of dust or dirt 
8. Switchgear Enclosure /Cabinetry: Verify correct circuit breaker sizes and 
types per the specifications and manufacturer’s drawings 

9. Switchgear Enclosure /Cabinetry: Seismic anchoring installed and 
functional where applicable (non-short circuiting) 

10. Switchgear Enclosure /Cabinetry: Inspect insulators, barriers and 
shields for damage or contamination 

11. Switchgear Enclosure /Cabinetry: Verify that ground bus is properly 
bonded to enclosure, enclosure is grounded and resistance to ground meets 
grounding specifications 

12. Switchgear Enclosure /Cabinetry: Verify three or four wire configuration 
13. Switchgear Enclosure /Cabinetry: Verify metering transformer 
nameplate matches specified and approved transformer 

14. Switchgear Enclosure /Cabinetry: Transformer installed per 
manufacturer's instruction, plans and specifications. 

15. Switchgear Enclosure /Cabinetry: Inspect metering transformer cables 
and connections for defects or physical damage 

16. Switchgear Enclosure /Cabinetry: Verify metering transformer 
connections are correct per the single line 

17. Switchgear Enclosure /Cabinetry: Verify all grounding and shorting 
connections for the metering transformer are in place 

18. Switchgear Enclosure /Cabinetry: Verify correct fusing for the metering 
transformer primary and secondary 

19. Switchgear Enclosure /Cabinetry: Verify the metering transformer taps 
are in accordance with the manufacturer’s nameplate and specifications. 
20. Switchgear Enclosure /Cabinetry: Verify the vents and air inlets are free 
and unobstructed. Clean air filters installed (if required). 

21. Feeder Circuit Breakers: Verify all maintenance and service clearances 
are maintained. 

22. Feeder Circuit Breakers: Verify no physical damage. 

23. Feeder Circuit Breakers: Verify voltage and current rating of circuit 
breaker are per plans and specifications. 

24. Feeder Circuit Breakers: Confirm correct application of manufacturer’s 
recommended lubricant. 

25. Feeder Circuit Breakers: Verify that primary and secondary contact wipe 
dimensions are correct. 

26. Feeder Circuit Breakers: Verify breakers are mounted securely and 
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Assigned To MetroPower 
Asset Switchboard 


Discipline Electrical 
Drawing Low Voltage Switchgear Ch 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 11:09 AM 
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operates smoothly. 

27. Feeder Circuit Breakers: Verify wire is properly installed and suitable 
size for breaker. 

28. Operational Checks: All incoming cables are terminated and “ABC” 
phasing is correct. Terminations are torqued, checked, stress cones are 
properly grounded and exposed energized surfaces are insulated. 

29. Operational Checks: Specified point-to-point checks have been 
completed and documentation record submitted for this system. 

30. 


These requirements have been satisfied by previous requests. 
Paul Southwell on 06/17/2015 at 10:35 AM 


Testing procedures were inadvertently taken from the Medium Voltage Switchgear Construction Checklist as opposed to Low 
Voltage Switchgear Construction Checklist.Same verification required. 
Paul Southwell on 06/12/2015 at 10:07 AM 
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FO-2-27 GSa3 
Verification based upon Panel Construction Checklist: Assigned To MetroPower 


1.Distribution Panel Enclosure/Cabinetry: Equipment installed per Asset Panelboards 
manufacturer's instructions and specifications. -anelboards 
2.Distribution Panel Enclosure/Cabinetry: Equipment installed agrees with 
shop drawings and specifications 

3.Distribution Panel Enclosure/Cabinetry: Verify mounting, location and 
clearances are per plans and specifications. 

4.Distribution Panel Enclosure/Cabinetry: Equipment labels permanently 
affixed 

5.Distribution Panel Enclosure/Cabinetry: Panel is clean and clear of dust or 
dirt 

6.Distribution Panel Enclosure/Cabinetry: Verify the application of 
manufacturer recommended torque values applied to bolted connections. 

7. Distribution Panel Enclosure/Cabinetry: Verify correct circuit breaker 
sizes and types per the specifications and manufacturer’s drawings. 

8. Distribution Panel Enclosure/Cabinetry: Neutral bus isolated from cabinet. 
9. Circuit Breakers 208/120 VAC Panels: Installed per manufacturer's 
instructions, plans and specifications. 

10. Circuit Breakers 208/120 VAC Panels: No physical damage. 

11. Circuit Breakers 208/120 VAC Panels: Verify voltage and current rating 
of circuit breaker are per plans and specifications. 

12. Circuit Breakers 208/120 VAC Panels: Verify breakers are mounted 
securely and operates smoothly. 

13.Circuit Breakers 208/120 VAC Panels: Verify wire is properly installed 
and suitable size for breaker. 

14. Operational Checks: Specified sequences of operation and operating 
schedules have been provided with all variations documented. 

15. Operational Checks: Specified point-to-point checks have been 
completed and documentation record submitted for this system. 

16. 


Discipline Electrical 
Drawing Panel Construction Checkl 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 11:18 AM 


MetroPower is taking the position that the only panel applicable is Panel DP-L1CC. They are indicating that the panel MDP is 
existing even though they have modified it. 


Paul Southwell on 06/12/2015 at 10:51 AM 
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Verification based upon the Grounding System Construction Checklist: 
1.Requested documentation submitted: Manufacturer’s cut sheets. 
2.Requested documentation submitted:Installation and startup manual and 
plan. 

3.Requested documentation submitted:O0&M manuals. 

4. Requested documentation submitted:Warranty Certificate 

5.Installation Checks: Grounding electrodes have been installed in 
accordance with drawings and specifications. 

6.Installation Checks: Connections to grounding electrodes have been 
made in accordance with manufacturer’s specifications. 

7.Installation Checks: Grounding conductors have been routed in 
accordance with the drawings and specifications. 

8. Installation Checks: Grounding conductors have been properly terminated 
at the service equipment or separately derived source. Bonding conductors 
have been installed as required. 

9. Installation Checks: Test wells are accessible and clearly marked.. 

10. Operational Checks: Specified sequences of operation and operating 
schedules have been provided with all variations documented. 

11. Operational Checks: Specified point-to-point checks have been 
completed and documentation record submitted for this system. 


Assigned To MetroPower 
Asset Wiring 


Electrical 


Discipline Electrical 


Drawing Grounding System Construc 


Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 11:25 AM 


Metro Power has agreed to verify modification to grounding system, to me complete by June 26,2015 


Paul Southwell on 06/17/2015 at 10:39 AM 


MetroPower's position is that project did not require grounding system to be modified. In reality, they did make additions to the 


system. 
Paul Southwell on 06/12/2015 at 10:53 AM 
FO-2-29 | } 


Verification for the following: 
Ground rods shall be copper-clad steel, with minimum diameter of 
3/4 inch and minimum length of 10 feet. 


Metro Power has confirmed ground rod added does meet specifications 


Paul Southwell on 06/17/2015 at 10:41 AM 


Does ground rod added meet specifications? 


Paul Southwell on 06/12/2015 at 10:54 AM 
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Assigned To MetroPower 
Asset Wiring 


Discipline Electrical 
Drawing Specification Section 26 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 11:27 AM 
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Building 3700 MCLB Albany | 960 (ESTCP No. EW-200135) 
FO-2-30 @ 


Verification for the following: 

. Ckt SWBD-B-1/Chiller-1 /3#2/0, #6G / 2" conduit. 

. Ckt SWBD-B-2/Chiller-2 /3#2/0, #6G / 2" conduit. 

. Ckt SWBD-B-3/Chiller-3 /3#2/0, #6G / 2" conduit. 

. Ckt SWBD-B-4/Chiller-4 /3#2/0, #6G / 2" conduit. 

. Ckt SWBD-B-5/Chiller-5 /3#2/0, #6G / 2" conduit. 

. Ckt SWBD-B-6 /P-1 / 3#6,#10G / 1" conduit 

. Ckt SWBD-B-7 /P-2 / 3#6,#10G / 1" conduit 

. Ckt SWBD-B-8 /P-3 / 3#8,4#10G / 3/4" conduit 

. Ckt SWBD-B-9 /P-4 / 34#8,#10G/ 3/4" conduit 

10. Ckt SWBD-B-10 /P-5 / 3#4, #8G/1 1,4" 

11. Ckt SWBD-B-11 /P-6 /3#4, #8G/1 1,4" 

12.Ckt SWBD-B-12 /P-7 / 3#12, #12G / 3/4" conduit 
13. Ckt SWBD-B-13 /P-8 / 4#12,#12G / 3/4" conduit 
14. Ckt SWBD-B-14 /DC-1 / 4#12/#12G / 3/4" conduit 
15. Ckt SWBD-B-15 /DC-2 / 4#12,#12G / 3/4" conduit 
16. Ckt SWBD-B-16 /Chiller Phase Loss / 4#12,4#12G / 3/4" conduit 


OAN DAR WhHNDY = 


MetrOPower has verified that all circuits added meet the above specifications. 
Paul Southwell on 06/12/2015 at 10:55 AM 


) CED 


Verification of the following: Distribution Panel Enclosure Cabinetry: Verify 
that ground bus is not bonded to neutral at Panel DP-L1CC. Enclosure is 
grounded and resistance to ground meets grounding specifications. 


FO-2-31 ( 


MetroPower has verified the requirements of FO-2-31 have been met. 


Paul Southwell on 06/12/2015 at 10:57 AM 
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Assigned To MetroPower 
Asset Wiring 
Wiring 
Electrical 
Discipline Electrical 
Drawing E102 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 11:37 AM 


Assigned To MetroPower 
Asset Wiring 
Wiring 
Electrical 
Discipline Electrical 
Drawing Panel Construction Checkl 
Due Date 6/18/2015 
Created By Paul Southwell 
Identified On 6/4/2015 11:38 AM 


Field Observation No. 2 | Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal Thermal Energy Storage 
Building 3700 MCLB Albany | 960 (ESTCP No. EW-200135) 


FO-2-32 


At the dry-cooler area, a NEMA 4X plastic enclosure is located below the Assigned To MetroPower 
NEMA 8R electrical panel. Instead of using a back panel for mounting Asset ™, Wiring 
terminal blocks within the enclosure, the back wall of the water-proof ® Wiring 


taf Electrical 
Discipline Electrical 
Due Date 7/1/2015 
Created By Paul Southwell 
Identified On 6/17/2015 11:16 AM 


enclosure has been penetrated. These penetrations will allow moisture to 
enter the enclosure. 
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No. 3 


Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal 
Thermal Energy Storage Building 3700 MCLB Albany | 960 (ESTCP No. 
EW-200135) 


Commissioning (Cx) Field Report #3, HVAC Installation Verification Visit: An 
installation verification site visits was performed by Mike Sabo on 6/15/15 
and 6/17/15. One of the previous commissioning issues have been fully 
corrected and several are partially completed or were in-progress while on 
site. Two new issues have been identified. The new issues are contained in 
this report. The next site visit is estimated to occur in July when the installed 
equipment is ready for functional testing (need updated sequences to finish 
functional testing forms). 


Issues 2 


FO-3-1 


Five of the Automatic Air Vents (AAV) shown on plans M301, M302, and 
M303 are missing. 


FO-3-2 


The piping arrangement for the BTES loop chemical feeder is not per plan. 
The supply is from the high pressure side of the BTES pumps. The return is 
to the low pressure side of the SW pumps (upstream of the BTES/SW 
decoupler). Because the SW and BTES loops have different pressures (by 
design) there could be a scenario where the return of the chemical feeder is 
at a higher pressure than the supply. This will cause reverse flow through 
the feeder and coupon rack. Per the chemical treatment vendor, this is not 
desired. The owner should provide approval of the installed condition or 
provide a corrective course of action. 
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Author Mike Sabo 
Present Mike Sabo and Paul Southwell 
from AET; David Fugua and 
Jason Norris from Artesian 
Contracting; Ray from SafeAir; 
Ken Alexander from 
McKenneys 
Date Observed 6/17/2015 
Weather Sunny, High of 90 low of 70, 
40- 
Location Albany, GA 
Type Commissioning 


Assigned To SafeAir 
Asset Source Water Loop 
Discipline Mechanical 
Drawing M301, M302, M303 
Due Date 7/2/2015 
Created By Mike Sabo 
Identified On 6/18/2015 12:38 PM 


Assigned To Owner 
Asset Source Water Loop 
Discipline Mechanical 
Drawing M301 
Due Date 7/2/2015 
Created By Mike Sabo 
Identified On 6/18/2015 12:50 PM 


No. 4 


Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal 
Thermal Energy Storage Building 3700 MCLB Albany | 960 (ESTCP No. 
EW-200135) 


Commissioning (Cx) Field Report #4, Pre-final walk through w/Owner: A site 
visit was scheduled and performed by Paul Southwell on 7/17/2015 to 
coincide with the pre-final walk through with the owner scheduled for Friday 
morning at 10:00 AM. Paul was not only acting as representative for the 
AET Commissioning Group but being onsite gave him the opportunity to 
review the electrical work completed since his last visit on June 17th. The 
electrical was in the final stages of completion. The attached issues, 
documented based on the categories: plan/specification compliance, NEC 
Code Compliance, Documentation requirements, Testing requirements, and 
Verification requirements are all listed in this report organized by priority 
levels of Low, Moderate, and High. 


Issues 4 


FO-4-1 MODERATE 


358.12 Uses Not Permitted. EMT shall not be used under the following 
conditions: Where, during installation or afterward, it will be subject to 
severe physical damage.(3/4" PVC was observed at the rear of both dry 
coolers coming out of the gravel and terminating on the back of the dry 
coolers) 


Author Paul Southwell 
Present David Fuqua, Jason Norris, 
Ken Alexander, Ray from 
SafeAire, NavFac 
representatives 
Date Observed 7/17/2015 
Weather Hot, Mid 90's 
Location Building 3700 
Type Commissioning 


Assigned To McKenney's 
Asset Dry Cooler 
Discipline Electrical 
Drawing n/a 
Due Date 8/5/2015 
Created By Paul Southwell 
Identified On 7/22/2015 12:28 PM 


Typically, these raceways would be installed using either rigid or IMC conduit, anchoring the conduits utilizing the appropriate 


strap, i.e., kendorf channel. 


Paul Southwell on 07/22/2015 at 12:28 PM 
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Field Observation No. 4 | Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal Thermal Energy Storage 
Building 3700 MCLB Albany | 960 (ESTCP No. EW-200135) 


FO-4-2 ] 
Provide laminated plastic nameplates for each switchboard, Created By Paul Southwell 
equipment enclosure, relay, switch, and device; as specified in this Identified On 7/22/2015 12:37 PM 


section or as indicated on the drawings. According to electrical drawings, 
the existing breakers located in the distribution section of the switchboard 
are to be relabeled as "SPARES" since all of the new equipment was being 
fed from the new distribution section of the switchgear. 


First verify that these breakers are not being used(remove wiring if not used) and provide the appropriate laminated nameplates 


indicating the breaker is a spare. 
Paul Southwell on 07/22/2015 at 12:37 PM 
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Field Observation No. 4 | Mike Sabo | Install Geothermal Heat Pumps with Underground Seasonal Thermal Energy Storage 
Building 3700 MCLB Albany | 960 (ESTCP No. EW-200135) 


FO-4-3 

The electrical panel, MDP-LIC, located adjacent to the main switchgear is Assigned To MetroPower 
no longer feeding equipment that use to occupy the mechanical room. The Asset !4/ Electrical 
remaining breakers need to be identified and the electrical schedule should Discipline Electrical 

be updated to eliminate any possibility of injury due to mislabeled breakers. Created By Paul Southwell 


Identified On 7/22/2015 12:55 PM 


FO-4-4 


At the Dry Cooler location two junction boxes, one labeled P-9(NEMA 4x) Assigned To MetroPower 

and a PVC junction box, both located below electrical panel DP-LICC have Asset !4/ Electrical 
liquid tight connectors penetrating the top side of both boxes. If the topside Discipline Electrical 

of the box is to be penetrated then a Myer's Hub should be used to ensure a Created By Paul Southwell 
sealed connection. Identified On 7/22/2015 1:06 PM 
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MCLB Albany - Building 3700 Commissioning 
Site Visit Report 


EXECUTIVE SUMMARY 


The Scope of Work for this site visit was to commission the existing Air Handing Units (AHUs) and an existing 
Energy Recovery Unit (ERU), all of which had been previously modified, but not as a certain effort of the current 
GHP/USTES Project. This report summarizes the results of the scheduled commissioning of the six (6) Air 
Handling Units (AHU) and a single Energy Recovery Unit (ERU) in Building 3700 at MCLB Albany Georgia, 29- 
31 July 2015. 


The sections of the report are: 


e Building AHU and ERU Conditions Report 

e Re-Commissioning Recommendations 

e Appendix A —- FUNCTIONAL OBSERVATIONS AHUs and ERU 
e Appendix B - CONDITIONS OBSERVATIONS AHUs and ERU 
e Appendix C — “BAS” SCREEN SHOTS 


BUILDING AHU and ERU CONDITIONS REPORT 


The AHU and ERU equipment was observed to be deficient in several areas for each unit. The primary area of 
deficiency is that “ALL” dampers were in fixed positions, which nullified any normal control capability for air flows 
— e.g. outside air supply, return air volume, supply air volume. The flow was intended to be manipulated by 
increasing or decreasing fan speed only. 


The SOP is not functional as result of above-mentioned fixed damper positions. Additionally, the effectiveness 
of the ERU could not be determined, as it too, is not functional per its normal SOP. 


The lack of a normal functional SOP prohibits the control of supply temperature reset conditions. It was also 
determined that because the equipment is essentially setup for Occupied Mode on a 24/7 schedule, 
all normal energy savings from unoccupied setbacks cannot be achieved. 


Many sensors, such as duct static pressure, freeze stats, do not shutdown equipment — some are circumvented 
and others appear to have not been included in the control programming. Additionally, the freeze stats have not 
been set uniformly — some are set to 45°F and others are set to 35°F (A setting of 45°F would be normal for a 
single stage stat.). 


The above-referenced sensors do not “Alarm” at the front BAS unit. 


Tabulations and comments for each AHU and the ERU have been included for reference in Appendix B of this 
report. 


RE-COMMISSIONING RECOMMENDATION 


This recommendation for Re-Commissioning follows directly from the observations made of the 
equipment conditions as herein stated. It is recommended that the deficiencies need to be corrected and 
followed with a formal Re-commissioning. By definition, this is “Commissioning to be performed ina 
building whose HVAC System was commissioned previously, either during construction or occupancy.”. 


The Re-commissioning process will develop documentation and establish operational conditions for continued 
cost savings performance over time in several areas: 


DDC sequences of operation will start/stop air handlers depending on respective space occupancy. 
Variable ventilation systems will be verified for correct operation. 

Hot Water systems will maintain hot water set points based on outside air temperature. 

Chiller systems will maintain chilled water supply set points based on the outside air temperature. 
Dampers that are normally controlled by the DDC system will modulate based on space occupancy or 
space temperature set points. 

Maximize energy savings from implementation of various control strategies in order to alleviate 
occupant comfort problems. 


At a minimum, scope of work for Re-commissioning should include the following: 


= 


. Review of existing sequence of operation for each AHU. 
. Review of occupied space conditions to identify thermal comfort problems. 
. Review of design drawings and compare existing space conditions with design. Verification 


and recalibration of damper actuator(s) operation, or replacement of each as applicable. 


. If applicable, verification of economizer operation. 
. Test and balance of airflows at each AHU after all deficient components and devices have been 


replaced and/or calibrated. 


. Identification and verification of optimum locations for different sensors. 

. Recalibration of temperature, static pressure sensors, etc. 

. Validate the graphics on the host front end computer (if applicable). 

. Test and balance CHW and HW flows through AHU coils 

. Estimate costs for all the major repairs. 

. Functional test of the control loop sequence of operations 

. Check operating functional performance of AHU, exhaust fan, and chiller 
. Check correct operation and calibration of all analog and digital points (point-to-point) 
. Check actuators, valves, and dampers for proper operations. 

. Check for valve leak through 

. Develop a comprehensive report to include field observations, 


test data and results. 


APPENDIX -A 


FUNCTIONAL OBSERVATIONS 
AHUs AND ERU 


EXISTING AHU-1A 


a Description Status Comment Data 
1 Existing Schedule Occupied 24/7 Set to 24/7 Occupied Schedule. 24/7 
Unoccupied Schedule not setup 
(disabled) 
2 Terminal Units All “On” VAVs not linked per AHU 
Schedule Occupied/Unoccupied Schedule. 
All VAVs shutdown with AHU. 
3 DDC - Supply Fans “On” and “Running” 
4 DDC — OA Dampers Fixed Position 100% Damper inoperative. 
Open Status on Graphics Meaningless. 
5 DDC — OA Temp Reading correctly Central single temperature sensor. 87°F 
Sensor Each AHU does not have 
individual sensor. 
6 DDC — Outside RH Reading correctly Central single RH Sensor. 63% 
Sensor Irrelevant because RH not a 
control parameter. 
7 DDC — RA Dampers Fixed Position 100% Damper inoperative. 
Open Status on Graphics Meaningless. 
8 DDC — RA Temp Indicating correctly 72.9°F 
Sensor 
9 DDC — MA Temp Indicating correctly Sensor in duct, not across air 72.8°F 
Sensor stream 
10 | DDC-—SA Temp Indicating correctly 57.9°F 
Sensor 
11. | DDC — CHW Control Position indicating Graphics indicate same 
Valve correctly 
12 | DDC — CHW Control Responds to Graphics indicate same 
Valve commands 
13. | DDC — CHW Coil Inlet Indicating correctly Sensor is at CHW Cooler in Mech | 48.7°F 
Temp Room 
14. | DDC — CHW Coil Indicating correctly | Sensor is at CHW Cooler in Mech | 56.0°F 
Outlet Temp Room 
15 | DDC — SF Speed Indicating correctly | Graphics and VFD indicating same | 74% 
16 | DDC — Duct Static Indicating correctly Static Pressure 1.26” and 1.26” 
Pressure setpoint1.25”, generally agree 
17 | Freeze Protection Inoperative OA Damper is 2-Position and 
“fixed open”. 
18 | Alarm Safety — Freeze No alarm. Not in Device is functional and shutdown 
Stat control program AHU. Device not in program and 
not monitored. 
19 | Alarm Safety — High No alarm. Not in Device is installed, and 


Static Pres 


control program 


circumvented. Not functional. 


EXISTING AHU-1B 


tee Description Status Comment Data 
1 Existing Schedule Occupied 24/7 Set to 24/7 Occupied Schedule. 24/7 
Unoccupied Schedule not setup 
(disabled) 
2 Terminal Units All “On” VAVs not linked per AHU 
Schedule Occupied/Unoccupied Schedule. 
All VAVs shutdown with AHU. 
3 DDC - Supply Fans “On” and “Running” 
4 DDC — OA Dampers Fixed Position 100% Damper inoperative. 
Open Status on Graphics Meaningless. 
5 DDC — OA Temp Reading correctly Central single temperature sensor. 92°F 
Sensor Each AHU does not have 
individual sensor. 
6 DDC — Outside RH Reading correctly Central single RH Sensor. 67% 
Sensor Irrelevant because RH not a 
control parameter. 
7 DDC — RA Dampers Fixed Position 100% Damper inoperative. Missing 
Open actuators. 
Status on Graphics Meaningless. 
8 DDC — RA Temp Indicating correctly 73.9°F 
Sensor 
9 DDC — MA Temp Indicating correctly Sensor in duct, not across air 74.0°F 
Sensor stream 
10 | DDC-—SA Temp Indicating correctly 58.2°F 
Sensor 
11. | DDC — CHW Control Position indicating Graphics indicate same 100% 
Valve correctly 
12 | DDC — CHW Control Responds to Graphics indicate same 
Valve commands 
13. | DDC — CHW Coil Inlet Indicating correctly | Sensor is at CHW Cooler in Mech | 50.0°F 
Temp Room 
14. | DDC — CHW Coil Indicating correctly | Sensor is at CHW Cooler in Mech | 58.0°F 
Outlet Temp Room 
15 | DDC —SF Speed Indicating correctly | Graphics and VFD indicating same | 77% 
16 | DDC — Duct Static Indicating correctly Static Pressure 1.26” and 1.26” 
Pressure setpoint1.25”, generally agree 
17 | Freeze Protection Inoperative OA Damper is 2-Position and 
“fixed open”. 
18 | Alarm Safety — Freeze No alarm. Not in Device is inoperative (? If VFD 
Stat control program Wiring). Device not in program and 
not monitored. 
19 | Alarm Safety — High No alarm. Not in Device is installed, and 


Static Pres 


control program 


circumvented. Not functional. (? 
Type of device) 


EXISTING AHU-2A 


ue Description Status Comment Data 
1 Existing Schedule Occupied 24/7 Set to 24/7 Occupied Schedule. 24/7 
Unoccupied Schedule not setup 
(disabled) 
2 Terminal Units All “On” VAVs not linked per AHU 
Schedule Occupied/Unoccupied Schedule. 
All VAVs shutdown with AHU. 
3 DDC - Supply Fans “On” and “Running” 
4 DDC — OA Dampers Fixed Position 100% Damper inoperative. 
Open Status on Graphics Meaningless. 
5 DDC — OA Temp Reading correctly Central single temperature sensor. 92°F 
Sensor Each AHU does not have 
individual sensor. 
6 DDC — Outside RH Reading correctly Central single RH Sensor. 67% 
Sensor Irrelevant because RH not a 
control parameter. 
7 DDC — RA Dampers Fixed Position 100% Damper inoperative. Missing 
Open actuators. 
Status on Graphics Meaningless. 
8 DDC — RA Temp Indicating correctly 13.2 F 
Sensor 
9 DDC — MA Temp Indicating correctly Sensor in duct, not across air 74.6°F 
Sensor stream 
10 | DDC-—SA Temp Indicating correctly 55.9°F 
Sensor 
11. | DDC — CHW Control Position indicating Graphics indicate same 100% 
Valve correctly 
12 | DDC — CHW Control Responds to Graphics indicate same 
Valve commands 
13. | DDC — CHW Coil Inlet Indicating correctly | Sensor is at CHW Cooler in Mech | 50.0°F 
Temp Room 
14. | DDC — CHW Coil Indicating correctly | Sensor is at CHW Cooler in Mech | 57.0°F 
Outlet Temp Room 
15 | DDC —SF Speed Indicating correctly | Graphics and VFD indicating same | 63.6% 
16 | DDC — Duct Static Indicating correctly Static Pressure 1.26” and 1.24” 
Pressure setpoint1.25”, generally agree 
17 | Freeze Protection Inoperative OA Damper is 2-Position and 
“fixed open’. 
18 | Alarm Safety — Freeze No alarm Device is functional and shutdown 
Stat AHU. Device did auto-reset. 
19 | Alarm Safety — High No alarm. Not in Device is incomplete. 


Static Pres 


control program 


EXISTING AHU-2B 


Item 


No. Description Status Comment Data 
1 Existing Schedule Occupied 24/7 Set to 24/7 Occupied Schedule. 24/7 
Unoccupied Schedule not setup 
(disabled) 
2 Terminal Units All “On” VAVs not linked per AHU 
Schedule Occupied/Unoccupied Schedule. 
All VAVs shutdown with AHU. 
3 DDC - Supply Fans “On” and “Running” 
4 DDC — OA Dampers Fixed Position 100% Damper inoperative. 
Open Status on Graphics Meaningless. 
5 DDC — OA Temp Reading correctly Central single temperature sensor. 92°F 
Sensor Each AHU does not have 
individual sensor. 
6 DDC — Outside RH Reading correctly Central single RH Sensor. 67% 
Sensor Irrelevant because RH not a 
control parameter. 
7 DDC — RA Dampers Fixed Position 100% Damper inoperative. Missing 
Open actuators. 
Status on Graphics Meaningless. 
8 DDC — RA Temp Indicating correctly 73.7°F 
Sensor 
9 DDC — MA Temp Indicating correctly Sensor in duct, not across air 76.2°F 
Sensor stream 
10 | DDC—SA Temp Indicating correctly 56.4°F 
Sensor 
11. | DDC — CHW Control Position indicating Graphics indicate same 100% 
Valve correctly 
12 | DDC — CHW Control Responds to Graphics indicate same 
Valve commands 
13. | DDC — CHW Coil Inlet Indicating correctly | Sensor is at CHW Cooler in Mech | 50.0°F 
Temp Room 
14. | DDC — CHW Coil Indicating correctly | Sensor is at CHW Cooler in Mech | 58.0°F 
Outlet Temp Room 
15 | DDC — SF Speed Indicating correctly | Graphics and VFD indicating same | 65.5% 
16 | DDC — Duct Static Indicating correctly Static Pressure 1.26” and 1.28” 
Pressure setpoint1.25”, generally agree 
17 | Freeze Protection Inoperative OA Damper is 2-Position and 
“fixed open’. 
18 | Alarm Safety — Freeze No alarm Device is functional and shutdown 
Stat AHU. Device did auto-reset. 
19 | Alarm Safety — High No alarm. Not in Device is incomplete. 


Static Pres 


control program 


EXISTING AHU-3A 


nue Description Status Comment Data 
1 Existing Schedule Occupied 24/7 Set to 24/7 Occupied Schedule. 24/7 
Unoccupied Schedule not setup 
(disabled) 
2 Terminal Units All “On” VAVs not linked per AHU 
Schedule Occupied/Unoccupied Schedule. 
All VAVs shutdown with AHU. 
3 DDC - Supply Fans “On” and “Running” 
4 DDC — OA Dampers Fixed Position 100% Damper inoperative. 
Open Status on Graphics Meaningless. 
5 DDC — OA Temp Reading correctly Central single temperature sensor. 95°F 
Sensor Each AHU does not have 
individual sensor. 
6 DDC — Outside RH Reading correctly Central single RH Sensor. 65% 
Sensor Irrelevant because RH not a 
control parameter. 
7 DDC — RA Dampers Fixed Position 100% Damper inoperative. Missing 
Open actuators. 
Status on Graphics Meaningless. 
8 DDC — RA Temp Indicating correctly 152 
Sensor 
9 DDC — MA Temp Indicating correctly Sensor in duct, not across air 77.7°F 
Sensor stream 
10 | DDC-—SA Temp Indicating correctly 57.2°F 
Sensor 
11. | DDC — CHW Control Position indicating Graphics indicate same 100% 
Valve correctly 
12 | DDC — CHW Control Responds to Graphics indicate same 
Valve commands 
13. | DDC — CHW Coil Inlet Indicating correctly Sensor is at CHW Cooler in Mech | 49.0°F 
Temp Room 
14. | DDC — CHW Coil Indicating correctly | Sensor is at CHW Cooler in Mech | 57.0°F 
Outlet Temp Room 
15 | DDC —SF Speed Indicating correctly | Graphics and VFD indicating same | 69.9% 
16 | DDC — Duct Static Indicating correctly Static Pressure 1.26” and 1.26” 
Pressure setpoint1.25”, generally agree 
17 | Freeze Protection Inoperative OA Damper is 2-Position and 
“fixed open’. 
18 | Alarm Safety — Freeze No alarm Device is installed, and 
Stat circumvented. 
Not functional. 
19 | Alarm Safety — High No alarm. Not in Device is incomplete. 


Static Pres 


control program 


EXISTING AHU-3B 


Item 


Nos Description Status Comment Data 
1 Existing Schedule Occupied 24/7 Set to 24/7 Occupied Schedule. 24/7 
Unoccupied Schedule not setup 
(disabled) 
2 Terminal Units All “On” VAVs not linked per AHU 
Schedule Occupied/Unoccupied Schedule. 
All VAVs shutdown with AHU. 
3 DDC - Supply Fans “On” and “Running” 
4 DDC — OA Dampers Fixed Position 100% Damper inoperative. 
Open Status on Graphics Meaningless. 
5 DDC — OA Temp Reading correctly Central single temperature sensor. 95°F 
Sensor Each AHU does not have 
individual sensor. 
6 DDC — Outside RH Reading correctly Central single RH Sensor. 64% 
Sensor Irrelevant because RH not a 
control parameter. 
7 DDC — RA Dampers Fixed Position 100% Damper inoperative. Missing 
Open actuators. 
Status on Graphics Meaningless. 
8 DDC — RA Temp Indicating correctly 74.9°F 
Sensor 
9 DDC — MA Temp Indicating correctly Sensor in duct, not across air 79.1°F 
Sensor stream 
10 | DDC-—SA Temp Indicating correctly 57.0°F 
Sensor 
11. | DDC — CHW Control Position indicating Graphics indicate same 100% 
Valve correctly 
12 | DDC — CHW Control Responds to Graphics indicate same 
Valve commands 
13. | DDC — CHW Coil Inlet Indicating correctly Sensor is at CHW Cooler in Mech | 50.2°F 
Temp Room 
14. | DDC — CHW Coil Indicating correctly | Sensor is at CHW Cooler in Mech | 58.0°F 
Outlet Temp Room 
15 | DDC —SF Speed Indicating correctly | Graphics and VFD indicating same | 69.0% 
16 | DDC — Duct Static Indicating correctly Static Pressure 1.26” and 1.25” 
Pressure setpoint1.25”, generally agree 
17 | Freeze Protection Inoperative OA Damper is 2-Position and 
“fixed open”. 
18 | Alarm Safety — Freeze No alarm Device is installed, and shutdown 
Stat AHU. 
19 | Alarm Safety — High No alarm. Not in Device is incomplete. 


Static Pres 


control program 


EXISTING ERU 


Item 


No. Description Status Comment Data 
1 Existing Schedule Occupied 24/7 Set to 24/7 Occupied Schedule. 24/7 
Unoccupied Schedule not setup 
(disabled) 
2 DDC — OA Dampers Fixed Position 100% Dampers inoperative. 
Open Status on Graphics Meaningless. 
3 DDC — By-Pass Fixed Position 100% Dampers inoperative. Missing 
Dampers Closed actuators. 
Status on Graphics Meaningless. 
4 DDC — Face Dampers Fixed Position 100% Dampers inoperative. Missing 
Open actuators. 
Status on Graphics Meaningless. 
5 DDC — Supply Fan “On” and “Running” 
6 DDC — Exhaust Fan “On” and “Running” 
7 DDC — Exhaust Damper Gravity Damper 
8 DDC — Exhaust Temp Not monitored Exhaust air measured at outlet 87.3°F 
Sensor grille 
9 DDC — Exhaust RH Not monitored RH measured at outlet grille 38.7% 
Sensor 
10 | DDC — OA Temp Sensor Not monitored ERU does not have individual 96.3°F 
sensor. OA Temp measured 
near ERU. 
11 DDC — OA RH Sensor Not monitored Irrelevant, RH not a control 48.2% 


parameter. RH was measured 
near ERU to compare with RH of 
the exhaust air. 
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APPENDIX - B 


CONDITIONS OBSERVATIONS 
AHUs and ERU 


Inoperative 
Dampers 


Inoperati 
ve 
Damper 


DP Sensor 
Across Coil Section 


Condensat 
e Drip Pan 
Leakage 


AHU-1A EXISTING CONDITIONS 


i») 


CHW Valve 
uator with open 
flex connection. 


~~ CHW 
Temp/Pres 


Duct Press 
Sensor 


VFD Status 


Freeze Stat 


Routing 


CHWSIR Piping 


DP 
Tubing 


DP 
Gauge 


DP 
Sensor 
Tubings 


OAS to 
AHUs-1&2 


Condensat | Condensat 
e Drain e Drain 


DP Sensor 
Across Coil 
Section 


DDC Controller 


i 


] ? 


ae 
RF 
| 


CHW 
Tem p/ Press 


Freeze Stat 
Routing 


Freeze Stat 
Routing 


VFD Status VFD 


loose 


OAS to 
AHUs-1&2 


DDC 
Control 


CHWS/R 
Piping 


DP Gauge 


Anchored at 
top Only. 
Unit is 


AHU-1B EXISTING CONDITIONS 


CHW Valve Actuator. 
Freeze Stat 


Dirty Filter DP 

Sensor Tubing 

Duct Press 
Sensor 


Dirty Filter DP 


Drip Pan 
Leakage 


~ Duct Static - 


Inoperative 


_Dampers 


Pressure 
Unit 


. 
Condensate Drain 


Drain 
CHWSIR Piping 


Condensate 


Condensate 
Drain 


w/Reset 


Inoperative 
Dampers 


ler 
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Duct Static 
Pressure Unit 
w/Rese 


Condensate Drip 
Pan Leakage 


CHWSIR Piping 


CHW Valve 
Actuator. 


Dirty 
Filter DP 


CHWR Temp CHWR Press 


AHU-2A EXISTING CONDITIONS 


Duct Temp 
Sensor 


CHWS Temp 


Freeze Stat Set 
35°F 


Freeze Stat 


OAS to AHUs- 
182 


OAS to AHU- 
2A/2B 


VFD Status VFD 


Status 


CHWS Press 


Condens 

ate Drip 
Pan 
Leakage 


Condens 
ate Drip 
Pan 
Leakage 


OAS to AHU- 
2A/2B 


Controller 
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CHWS/R 
Piping 


AHU-2B EXISTING CONDITIONS 


DP Gauge 


CHW Valve 
Actuator. 


CHWSIR Pipin 


Sensors 


OAS to AHUs- 


1&2 


OAS to AHU- 


2A/2B 


OAS to AHU- 
2A/2B 


with 
Reset 


CHW Valve 
Actuator. 2 Inoperative ‘ i 
Inoperative Dampers Inoperative Inoperati 
Dampers Dampers ve 
Damper 
WaYORK 
4 
= om 
Duct Static 
Dirty Filter DP inthe Freeze Stat 
Sensor Tubing cee and Temp and 
Duct Static Press Sensors | Presssur 
Pressure and e Freeze Stat Freeze Stat Set 
‘0; 
Temperature Sensor 35°F 


CHWR Piping 


Controll 
er 
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Inoperative 
Dampers 


AHU-3A EXISTING CONDITIONS 


Dirty Filter DP 


VFD 
Status 


CHWS/R 
Piping 


Temp 
(Broken 


Inoperative 
Dampers 


Dirty Filter DP 


Sensor 
Tubing 


Freeze Stat 
Set 40°F 


4 


CHWS 


oo be 


q 


CHWS 


CHWR | CHWR Press 


OAS to AHU- 
3A/3B 


CHW Valve 


OAS to AHU- 
3A/3B 


Press 


DP 
Gauge 


Minor 
Leakage 
from 
Condens 
ate Drip 
Pans 


a 
? 


Temp 


Duct 
Static 
Pressur 
e 


Sensor 


Duct 
Static 
Pressure 
and 
Temperat 
ure 
Sensors 


CHW Valve 
Actuator. 


Duct Static 
Pressure and 
Temperature 

Sensors 


Duct Static 
Pressure and 
Temperature 

Sensors 


\, 2 

AN =< 
DDC 

Controller 


Dirty Filter DP 
Sensor Tubing 
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AHU-3B EXISTING CONDITIONS 


CHW Valve 
Actuator. 
Loosely fitted. 


DDC Controller 


Pressure and 
Temperature 
Sensors 


CHW Valve 


CHW Valve 
Actuator. 
Loosely fitted. 


Inoperative 
Dampers 


Duct Static 
Pressure and 
Temperature 

Sensors. 

Jumbled mess 


of wires. 


CHWSIR Piping 


Inoperative 


Inoperati Dampers 


ve 
Dampers 


Duct 
Static 
Pressure 
and 
Tempera 
ture 
Sensors. 
Jumbled 
mess of 


wires. 


Temperature 
Sensor 


CHWSIR Piping 


Freeze Stat Set 
35°F 


Duct Static 
Pressure and 
Temperature 
Sensors 


Dirty Filter DP 
Sensor Tubing 


Duct Static 
Pressure and 
Temperature 
Sensors 


Dirty 
Filter DP 
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ERU 
Control 
Panel 


ERU Intake 


FS 


ERU ERU Heat 
Freeze Stat | Exchanger 
Set 40°F Chamber 


a | 7 J = 2 et 
a7 way = < \ 
, 5 - y 
} f 1 i 
. a : <a 
Sos = _h : 


Inoperative | Inoperative | Inoperative | Exchanger Filters Filters 
Dampers Face By-Pass 


ERU Intake ERU BRU Final. | ERU Final pia 
. Filters : Filters Exhaust 
Filters Damper Filters Supply Fan Exhaust and 
Control Fan 
Terminal Bainpets 
Box 


ERU EXISTING CONDITIONS 


ERU ERU Intake ERU ERU ERU ERU 
Exhaust Inoperative | Inoperative | Inoperative | Inoperative 
Intake Intake Intake Intake 


Dampers 


Dampers 
+, ORD 


ampers 


Cy 


Dampers 


> Bex uk | eral 
ERU ERU Heat | ERU Intake | ERU Intake 


Dampers Dampers 


wie Ca 
rh 4 


COO ERU Final 
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= ‘ 
Meh ile Nal Fa Thal GS 
ae ane 
A) | feet 4 


HW DP 
Station 


HW DP 
Station 


CHW DP 
Station 


eh 


HW DP 
Station 


Damaged 
OAS Duct 


CHW DP 
Station 


HW DP 
Station 


CHW DP 
Station 


CHW DP 
Station 


HW DP 


Station 


OAS Duct 


1&2 


down to AHUs 


HOBO 
for AHU 
Monitori 


HOBO for 
AHU 
Monitoring 
(Typical each 
AHU) 


HOBO for 
AHU 
Monitoring 
(Typical each 
AHU) 


HOBO 
for AHU 
Monitori 

ng 
(Typical 
each 

AHU) 
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EXISTING DUCT DISTRIBUTION DRAWINGS AHU-1A/1B, 2A/2B, 3A/3B 


OAS 
Duct 


OAS 
Duct 


Layout AHU- 


1A/1B 


Layout AHU- 
2A/2B 


Layout AHU- 
3A/3B 


AHU-1A 
Ductwork 


AHU-2A 
Ductwork 


AHU-3A 
Ductwork 


AHU-1A 
Ductwork 


AHU-2A 
Ductwork 


AHU-3A 
Ductwork 


OAS Duct 


OAS Duct 


OAS Duct 


AHU-1B 
Ductwork 


AHU-2B 
Ductwork 


AHU-3B 
Ductwork 


AHU-1B 
Ductwork 


AHU-2B 
Ductwork 


AHU-3B 
Ductwork 


ERU 
Control 
Panel 


ERU 
Operation 
Plan 


EXISTING DRAWINGS ERU SOP 


ERU 2007 
Upgrades 


ERU 2007 
Upgrades 


ERU 
Operation 
Diagram 


ERU SOP 


ERU OAS 
Duct Down to 
AHUs 
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APPENDIX - C 


“BAS” SCREEN SHOTS 


21 


t 


{vavi02} 


71.7 °F 
[Wavi03| 
Av108) 


VAV107 
71.8 °F [ao 


WAV 06) 71.6 °F 5 


712°F 


[Wavii0] 
Far 


| ia 
u 119) = 4 
mas |e gi 


[Vavi31}— 


Jravi0g) 


73.1°F 


725°F 711° 71.4°F 


(vavi33] 


714A °F 


Max Temp VAV108_MNLV2RV3 73.8 °F 


[wava08] [vav207| 
71.2°F * 71.9°F 


Vvav2i0}, [Vav203] 


77°F 72.0 °F 


k = “Wavaa VAV213|_ 
[vav2i4 


723 °F 


rm [vavz20] 


71.9°F 


tha VAV222] 


719 °F 
718 F Sn 


Paras 
- 721 °F 
WAV232 


72.5 °F’ 


VAV230) |VAV229| 
715 °F ~ 71.8 °F 
VAv233] 
72.2°F 


Max Temp VAV201_MNLV2RV3 72.6 °F 


724 °F 


Wav219) + 
725 °F 


faves] 
72.5 °F 


[Wavi 12] 
—T [Wavi05] [vavioa] 


71.9 °F 
71.6 °F 718° 
, Waviiil 
718° WWaviaa] + 
71.7 °F 


ee — 
=) Lina a te 
a), eas) aa] 
7a 1s A 
= = 8) at *\ 
dhl I: 9 ll bk 
+ “= L = 
[n+ 
fol 
VAV127| ~~ 
VAV128 
me es) 
721 °F 
[vavii7| 
715 °F 


|i) WWavi36] 


[vavi34] 
71.8 °F 


Min Temp VAV127_MNLV2RV3 70.4 °F 


Global 2nd Hoor BAS Setpomt: 72.0 °F 


fvav20s] 


723°F |VAv202] 
2 


|Vav203] 
725 °F 


71.6 °F 


VAV218) 
725 °F 


—— nad VAV217 
- 71.6 °F 
WAv224| |_| |= 
787 = 
SS] 
eevee 
714 °F 


*[Wavara]_ avai 


om 72.3 °F 71.6 °F 


-[vavaie] 


717 °F 


[waves 


71.7 °F 


717 °F 


Min Temp VAV208_MMNLV2RV3 71.3 °F 
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| \WAva2a [vavaz0]| = 


[VAV335) 
717 °F 


Max Temp VAV312_MNLV2RV3 72.6 °F 


Bypass Damper 
Closed 


Outside Air Temp 


OA Damper 
Open 


oa to _ 
VAV326) |VAV327 


77°F 714 °F 


Min Temp VAV316_MNLV2RV3 68.1 °F 


Efan Start/Stop 
On 


Exhaust Fan Status Exhaust Air Temp 


On 75.2% 


Stan Start/Stop 


On 


Supply Fan Status Supply Air Temp 
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On 


84.6 °F 
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25 


26 


27 


28 


Oat 94.2°F Oak: SS8%RH = DewPoint: 75.9 °F 
Enthalpy; 43.933 BTU/ib WetBulb- 80.5 °F 


Bore Field valve Position’ 


BTES Borefie a 
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1 


| To Cooling Loop | To Heating Loop | To Source Loop | |_To Bore Field \__StartPage 


| Mise | To Overall Vi 
| To iew 
____ Dry Coolers a ae i Te Overall View| 
| HVAC Cu 
Oat: 94.1°F Oak: S3.2%RH DewPoint- 74.5 °F tannin 
Enthalpy: 42.893 BTU/Ib = WetBulb: 79.5 °F AY Se 
Antone tises & Control Solsstions 


Cooler Max Speed: 100.0 % 


Water Meters 

Filter Inlet: 224270.0 gal ED 

Filter Inlet Since Reset: 4990.0 gal 
Filter Bypass: 10.0 oa! 

| Filter Bypass Since Reset: 0.0 ga! } 

DC MakeUp: 288960.0 ga! EE) 

DC MakeUp Since Reset: 4440.0gal 


DC-2A Enable: 

DC-2A Status: —. 

DC-2A Speed: 100.00 % 
DC-2A Warming: Normal 


DC-2 kBTU per Hour: 644.6 kBTU/hr 
DC-2 kBTU: 14035303 kBTU 


DC-2 kBTU per Hour: 875.0 k8TU/he 
DC-2 kBTU: 1272650.9 kBTU 


DC #2 Wetted Media Valve Control 
<< ~— 


DC-2 Sump MakeUp Viv: SN "0075 
DC-2 BlowDown Viv: Closed \_BTES Loop "o DE-5 Sump MakaUp Viz Closed 
De-2 § Media Viv: eco ae Combined kBTU Hour: 1629.7 kBTU/br - Down s- Closed 
“Ke DC 2/2 KATO: 2670508.3 KBTU DC-+ Spray Media Vv: 
To Cooling Loop | To Heating Loop | | To Source Loop | To Bore Field | To Dry Coolers | \__StartPage 
Cooling Water Loop Li. Mise To Overall View | 
(lee a HVAC Gap em ‘| 
provided eedeey > fe. 


CHW kBTU per Hour: 2195.9 KBTU/hr 
CHW kBTU: 26142153 kBTU 
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| To Cooling Loop | |To Heating Loop| | To Source Loop || To Bore Field | | To Dry Coolers | |__StartPage 

Cooling Water Loop |___ Mise | | To Overall View 
: - HVAC Gui Sytem | 
provided Snieiney bane, 
Astmansiaal & Cmtral Salutions 
| To Source Loop | 
Differential Pressure: 
4.25 pst 
CHW KBTU per Hour: 2195.9 kBTU/br 
CHW kBTU: 26142155 kBTU 
3rd Floor 

Differential Pressure: 

70s 

3rd Floor 
Bypass Valve 
14.50% & 
Alarm Reset: 
Normal Command: Start 
Speed: 59% 
Alarm: Normal 
ClimaCool | | To Cooling Loop | \To Heating Loop | | To Source Loop | | To Bore Field | To Dry Coolers, | Miso 


@of Open Modules: 2 i S¥stem SiRtRtRanT Unit Enable «= (SGHE) Unit Status (RURAG) = Unit Arm = tormal 


Reset Module #1 ResetModule #2 Reset Module #3 ResetModule #4 Reset Module #5 
Comp #1 SST: Comp #1 SST: off Comp #1 SST: off Comp #1 SST: Comp #1 SST: 
Comp #1 Status: Comp #1 Status: off Comp #1 Status: off 
Comp #1 Failure: Comp #1 Faiure: off ‘Comp #1 Faure off 
Comp #2 SST: off Comp #2 SST: off 
Comp #2 Status: Comp #2 Status: off Comp #2 Status: off 
Comp #2 Failure: off Comp #2 Failure: off Comp #2 Failure: off 
Cool Open: off Cool Open: off 
Heat Open: Of Heat Opens Of Heat Open: of 
Heat Recovery: Off Heat Recovery: off Heat Recovery: off 
CDMV: 100.00 cOMV: 0.00 COMV: 0.00 
EVMV: 100.00 EVMV: 0.00 EVM: 0.00 
‘Cooling Compressor Demand Limit: Command 7 ? Clg Comp 
Heating Compressor Demand Limit: Command 2 2HRComp 2 Htg Comp 
Cooking PID Loop Output: 162.2% [I] <<~Loops are 0-290%0->> 
# of Cooling Modules: 3 §) o 
# of Cooling Comps: 6 & o 
# of Cooling Comps On: 6 & | # of Heating Rec. Comps ON; 0 ©) ‘# of Heating Comps On: 0 
Cidied Water Sotere: saber. Heating Water Return: 106.09°F 
Chilled Water Supply: as.6°F ED 3 | Heating Water Supply: 10641°F 
Chilled Water Stpt: 42.00 °F Source Water In: s044°F (i) | Heating Water Stpt: 115.00 °F 
Cooling Diff Pressure: 81 ps) Ei) Source Water Out: 473°" Gi | Heating Diff Pressure: 34ipa = 
Nom, Cooling Diff Pressure Stpt: 5.50 pst Source Diff Pressure: 438 pi EJ 
scien anf ape Source Diff Pressure Stpt: 4.50 psi Heating Diff Pressure Stpt: 3.50 psi 
Oncement | ‘Source Pmp Speed Signa 375% EE 
Speed Signak 60.3% | Source Water Flow: 461.9 gallmie E) Soved Sin. 2815 
Coaiiig Weter How: <is4 edliam' 2] | || Heating Water Flow: 28.0 valine 
Load: 180.9 tebe L 
‘Cooling Fir Bypass Position: 23.90% Heating Fir Bypass Position: 639% 
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| To Cooling Loop | | To Heating Loop | | To Source Loop | To Bore Field _ | StartPage | 


Dry Coolers Lu Mise. | | to Overall View | 


= 1 
HVAC Syatreu 
Oat: 96.7°F  Oah: 48.6%RH DewPoint: 74.0 °F provided ipiiibhccwbey’ tne. 
Enthalpy: 43.224 BTU/Ib WetBulb: 79.9 °F . ae - P 
Annuama tio & Control Solutions | 


Cooler Max Speed: 100.0 % 


Water Mete 
Filter Inlet: 219420.0 oa! & 
Filter Inlet Since Reset: 140.0 gal i 
Filter Bypass: 10.0 gal 
Filter Bypass Since Reset: 0.0 gal 
DC MakeUp: 284640,0 ga! 
| DC MakeUp Since Reset: 120.0 9»! 


DC-2A Enable: Start DC-2A Enable: Start 
DC-2A Status: DC-4A Status: 
DC-2A Speed: 100.00 DC-3A Speed: 100.00 
J Warning: Normal DC-3A Warming: tormal 
“2A Error Normal DC-4A Error: Normal 
DC-28 Enable: Start Dc-28 Enable; Start 
DC-2B Status: Dc-28 Status: 
DC-2B Speed: 100.00 DC-2B Speed: 100,00 
cit ot Normal DC-3B Waring: Wornial 
-28 Error: Normal DC-18 Error. Normal 


DC-2 k8TU per Hour: 578.0 KBTU/hr ) 


DC-2 kBTU per Hour: 601.9 kBTU/hr 
DC-2 kBTU: 1250950.0 kaTU 


DC-2 kBTU: 13817965 koTU 


#2 trol 


mus | ___ From Building) © PO a 
7 De-2 BlowDown Vir Closed __STES Loop _ aoe DCs Sup MaktUp Vir Closed 
Dc-2 Spray Media Viv: WU = Combined KBTU per Hour: 1174.3 kaTU, -2 BlowDown Viv: Closes) 
: Alpe enplrcAcnegl ths Dc-2 Spray Media Vv: GEN 
To Cooling Loop | To Heating Loop | | To Source Loop | | To Bore Field | To Dry Coolers | StartPage 
| Cooling Water Loop LJ | Te Overall view | 
provided coey Inc.| 
Antouna tints & Control Salutions 


CHW KBTU per Hour: 3125.8 kBTU/hr 
CHW KBTU: 2668540.8 kBTU 


3rd 
Differential Pressure: 
7.3 psi 
3rd Floor 
Bypass Valve 
5.13% & 
Alarm Reset: 
Normal Command: Start 
Status: 
Speed: 60% 
Alarm: Hormel 


\ To Cooling Loop To Heating Loop || To Source Loop _ 


| Te Bore Field | To Dry Coolers | __ Startrage | 

Heating Water Loop Mise To Overall View | 
ae. =: aan 

62.2 gal/min ED 


provided ey Ie. 


Aavtenatiod & Cigtrel Salat 


100.97 *F 


| To Source Loop | 


To Cooling Loop | To Heating Loop To Source Loop | Te Bore Field | To Dry Coolers | |_Startrage _ | 
Source Water Loop | Leen AMitt eel | To Overall View | 


HVAG Cog iQ System 
provided toey' ime. 


Automation & Control Solutions | 
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To Cooling Loop To Heating Loop | To Souree Loop 
Source Water Loop 


Source KSTU per Hour: 5336.5 KBTU/ler 
Source STU: 3689225.0 KSTU 


| To Bore Field 


see | 79417 =: 


a 


Alarm Reser 


#of Modules Used: 5 & 
dct Opn oes 10 System (PGRERER) | © Unit Enable [SG unit Status (RGRRg) = Unit Arm Hormal 
Reset Module #1 ResetModule #2 Reset Module #3 
Comp #1 SST: off Comp #1 SST: Comp #1 SST: off 
Comp #1 Status: off Comp #1 Status: Comp #1 Status: off 
Comp #1 Failure: Off Comp #1 Failure: Off Comp #1 Failure: Off 
Comp #2SST: off Comp #2 SST: off Comp #2 SST: off 
Comp #2 Status: off Comp #2 Status: off Comp #2 Status: off 
Comp #2 Failure: off Comp #2 Failure: off Comp #2 Failure: off 
Cool Open: off Coot Open: Off Cool Open: off 
Heat Open: off Heat Open: off Heat Open: off 
Heat Recovery: off Heat Recovery: (UGH) Heat Recovery: off 
COMV: 0.00 CDMV: 100.00 COMV: 0.00 
EVMV: 9.00 EVMV: 100.00 EVMV: @.00 
‘Cooling Compressor Demand Limit: Command 7 7 Cg Comp 


Heating Compressor Demand Limit: Command 10 10HRComp 10 Htg Comp 0 + Normal & 


Cooling PID Loop Output: 160.7% EB) << are 0-250%—>> Heating PID Loop Output: 25.7% ff) 

# of Cooling Modules: 2 [J # of Heat Recovery Modules: 1 §) # of Heating Modules: 0 [ 
# of Cooling Comps: 4 Ej — # of Heat Recovery Comps: 2 & # of Heating Comps: 0 & 
#.0f Cooling Comps ON: 4 | To Cooling Loop | # of Heating Rec. Comps OW: 1 # of Heating Comps ON: 0 
Chilled Water Return: 53.55°F § Heating Water Retum: 91.97°F 

Chilled Water Supply: 44.74°F EJ Heating Water Supply: 100.89°F =) 

Chilled Water Stpt: 42.00 °F ‘Source Water In: 78.71°F [ Heating Water Stpt: 110.00 °F 
Cooling Diff Pressure: 6.06 psi &) Source Water Out: 9282°F © Heating Diff Pressure: 347psi I) 

Hom. Cooling DWT Pressure STPT: 5.50 psi Source Diff Pressure: 4.47 psi EJ 
See heen sis ares Source Diff Pressure Stpt: 4.50 pst Heating Diff Pressure Stpt: 3.50 psi 
porate Source Pmip Speed Signa: 320% [© E) 
Speed Signak 59.3% Source Water Flow: 373.9 gal/min) Speed Signal: 63.7% 
Cooling Water Flow: 478.9 gal/min £5) Heating Water Flow: ©2.7 9am 
Load: 176.4 ihr 


Heating Flr Bypass Position: 48.75 % 
Heating Fir Bypass Pressure: 15.7 pa 
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Appendix D 


Start-up Reports 


CLIMAQCOOL 


Startup and Warranty Registration Form (SHC onDEMAND*) 


Sign, date and E-mail to: technicalsupport@climacoolcorp.com or 


Fax: 405.815.3052 Attn: Technical Support 
Project Name: NAVFAC Building 3700 


Address: 5500 WALKER AVE.MARINE CORPS LOGISITCS BASE 


City/State/Zip: Albany, GA 31704 
Startup Date: 3/27/15 


Model No.: UCHO85AFASAWBOS 

Serial No.: C1413210188 

Chiller No.: 1 Bank No.: 1 
Evaporator: 51.6/47.5 4.1 AP 
Condenser: 53.2/ 50.9 2A AP 
Source: 53 143 10 AP 


"Flow devices" shut off chiller below 40% of flow for Cool & Source loop and 25% for Heat loop: 


Ambient 
Temp: 79 Page 1 of 1 

Contractor Name: SafeAire Heating & Cooling 
Address: 3199 Palmyra Road 
City/State/Zip: Albany, GA 31707 
Phone No.: =. 229-789-0124 
Model No.: GSD80485VAB421 
Serial No. 1: 2786200052 
Serial No. 2: 2786300444 


Water Samples Taken (Mark "X") 


Evaporator: Yes [] NIA 
Condenser: Yes [] NIA 
Source: Yes [] NIA 


Yes 


For initial MANDATORY water samples, bottles are provided. 
Follow instructions on label and mail the same day sample is taken. 


> All wiring terminations in module panel, safeties and compressors tightened: 


> Rotation of scroll compressor is correct: 


Voltage / Ground 


L1 273 L2 272 L3 274 
Low Voltage (24V): 24.3 


Compressor Circuit #1 


Amperage: L1 37 L2 41 L3 38 
HEAT COOL 

Sight Glass Oil Level: 1/3 1/3 
Suction Pressure: 140 103 
Suction Temperature: 66.4 50.4 
Compressor Superheat: 17.6 17.5 
Discharge Pressure: 394 277 
Discharge Line Temperature (F): 220° max 165 142 
Discharge Gas Superheat (F): 50° min 50 52 
Liquid Line Temperature: 96 74 
Liquid Subcooling: 20 16 


Evaporator Entering Water Temperature: 75 50.2 
Evaporator Leaving Water Temperature: 56.6 43.4 
Condenser Entering Water Temperature: 98 75.1 
Condenser Leaving Water Temperature: 113 88.5 
Evaporator Pressure Differential: 2 4 
Condenser Pressure Differential: 2 2 


Verify Safety Setting Limits: 


Low ramp: High Pressure: ee. Pressure: 
[v] 32 [v]575 [v] 92 


Rep Signature: 
E-Signature: 


Check Box (Authorized Signature) 


Doc: SHC onDEMAND® StartupWarranty 
SD #0018 Rev. 2.13.15 


[v] Yes [| No 
[v] Yes LI 


Phase / Phase 


L1/L2 471 L2/L3 472 L1/L3 473 

Amperage: L1 38 L2 41 L3 39 
HEAT COOL 

Sight Glass Oil Level: 1/3 1/3 
Suction Pressure: 140 101 
Suction Temperature: 62.5 50.5 
Compressor Superheat: 13.3 18.4 
Discharge Pressure: 403 280 
Discharge Line Temperature (F): 220° max 160 144 
Discharge Gas Superheat (F): 50° min 53S 50 
Liquid Line Temperature: 98 75 
Liquid Subcooling: 18 17 
Evaporator Entering Water Temperature: 75 50.2 
Evaporator Leaving Water Temperature: 56.6 43.4 
Condenser Entering Water Temperature: 99 75.1 
Condenser Leaving Water Temperature: 114 88.5 


Software Version: | UCH-SHC-HR.LON.06A.14 


Verify Safety Setting Limits: 


Low ramp: ace Pressure: Low Pressure: 
[v]32 [v] 575 [Vv] 92 


Print Name: Enrique Bordallo 


CLIMAQCOOL 


Startup and Warranty Registration Form (SHC onDEMAND‘*) 


Sign, date and E-mail to: technicalsupport@climacoolcorp.com or 


Fax: 405.815.3052 Attn: Technical Support 
Project Name: NAVFAC Building 3700 


Address: 5500 WALKER AVE.MARINE CORPS LOGISITCS BASE 


City/State/Zip: Albany, GA 31704 
Startup Date: 3/27/15 


Model No.: UCHO85AFASAWBOS 
Serial No.: C1413210189 
Chiller No.: 2 Bank No.: 1 


Bank Water Pressures Entering / Leaving 


Evaporator: 49 /43 6 AP 
Condenser: 50.5/ 45.5 5 AP 
Source: 55 147 8 AP 


"Flow devices" shut off chiller below 40% of flow for Cool & Source loop and 25% for Heat loop: 


Ambient 
Temp: 92 Page 1 of 1 
Contractor Name: SafeAire Heating & Cooling 
Address: 3199 Palmyra Road 
City/State/Zip: Albany, GA 31707 
Phone No.: 229-789-0124 
Model No.: GSD80485VAB421 
Serial No. 1: 2786300436 
Serial No. 2: 2786200056 
Evaporator: Yes [] NIA 
Condenser: Yes [] NIA 
Source: Yes [] NIA 
Yes 


For initial MANDATORY water samples, bottles are provided. 
Follow instructions on label and mail the same day sample is taken. 


> All wiring terminations in module panel, safeties and compressors tightened: 


> Rotation of scroll compressor is correct: 


Voltage / Ground 


L1 275 L2 274 L3 275 
Low Voltage (24V): 24.5 


Compressor Circuit #1 


Amperage: L1 39.3 L2 41.5 L3 39.8 
HEAT COOL 

Sight Glass Oil Level: 3/4 3/4 
Suction Pressure: 137 104 
Suction Temperature: 71.6 51.3 
Compressor Superheat: 23.2 17.8 
Discharge Pressure: 399 290 
Discharge Line Temperature (F): 220° max 171 146 
Discharge Gas Superheat (F): 50° min 52 52 
Liquid Line Temperature: 95 80 
Liquid Subcooling: 21 14 
Evaporator Entering Water Temperature: 78 51 
Evaporator Leaving Water Temperature: 55.6 44 
Condenser Entering Water Temperature: 101 80 
Condenser Leaving Water Temperature: 118 90.6 
Evaporator Pressure Differential: 2 4 
Condenser Pressure Differential: 2 3 


Verify Safety Setting Limits: 


Low ramp: High Pressure: ee. Pressure: 
[v] 32 [v]575 [v] 92 


Rep Signature: 


E-Signature: Check Box (Authorized Signature) 
Doc: SHC onDEMAND® StartupWarranty 


SD #0018 Rev. 2.13.15 


[v] Yes [| No 
[lv] Yes LI 


Phase / Phase 


L1/L2 475 L2/L3 475 L1/L3 477 

Amperage: L1 39.8 L2 41.8 L3 40.2 
HEAT COOL 

Sight Glass Oil Level: 1/3 1/3 
Suction Pressure: 133 96 
Suction Temperature: 72.4 51.5 
Compressor Superheat: 25.6 22 
Discharge Pressure: 418 298 
Discharge Line Temperature (F): 220° max 180 152 
Discharge Gas Superheat (F): 50° min 60 57 
Liquid Line Temperature: 99 80 
Liquid Subcooling: 20 16 
Evaporator Entering Water Temperature: 78 52.9 
Evaporator Leaving Water Temperature: 55.6 45.5 
Condenser Entering Water Temperature: 101 80 
Condenser Leaving Water Temperature: 118 92 


Software Version: | UCH-SHC-HR.LON.06A.14 


Verify Safety Setting Limits: 


Low ramp: ace Pressure: Low Pressure: 
[v]32 [v] 575 [Vv] 92 


Print Name: Enrique Bordallo 


CLIMAQCOOL 


Startup and Warranty Registration Form (SHC onDEMAND*) 


Sign, date and E-mail to: technicalsupport@climacoolcorp.com or 


Fax: 405.815.3052 Attn: Technical Support 
Project Name: NAVFAC Building 3700 


Address: 5500 WALKER AVE.MARINE CORPS LOGISITCS BASE 


City/State/Zip: Albany, GA 31704 
Startup Date: 3/27/15 


Model No.: UCHO85AFASAWBOS 
Serial No.: C1413210187 
Chiller No.: 3 Bank No.: 1 


Bank Water Pressures Entering / Leaving 


Evaporator: 51 /49 2 AP 
Condenser: 53 /43 10 AP 
Source: 53 1/50 3 AP 


"Flow devices" shut off chiller below 40% of flow for Cool & Source loop and 25% for Heat loop: 


Ambient 
Temp: 90 Page 1 of 1 
Contractor Name: — SafeAire Heating & Cooling 
Address: 3199 Palmyra Road 
City/State/Zip: Albany, GA 31707 
Phone No.: 229-789-0124 
Model No.: GSD80485VAB421 
Serial No.1: 2786300441 
Serial No. 2: 2786300440 
Evaporator: Yes [] NIA 
Condenser: Yes [] NIA 
Source: Yes [] NIA 
Yes 


For initial MANDATORY water samples, bottles are provided. 
Follow instructions on label and mail the same day sample is taken. 


> All wiring terminations in module panel, safeties and compressors tightened: 


> Rotation of scroll compressor is correct: 


Voltage / Ground 


L1 275 L2 273 L3 275 
Low Voltage (24V): 24.5 


Compressor Circuit #1 


Amperage: L1 38 L2 40 L3 39 
HEAT COOL 
Sight Glass Oil Level: 1/3 1/3 
Suction Pressure: 142 101 
Suction Temperature: 79.3 49.6 
Compressor Superheat: 28.9 16.9 


Discharge Pressure: 356 254 
Discharge Line Temperature (F): 220° max 166 138 
Discharge Gas Superheat (F): 50° min 54 54 
Liquid Line Temperature: 107 87 
Liquid Subcooling: 3 2 


Evaporator Entering Water Temperature: 81 50.5 
Evaporator Leaving Water Temperature: 60.3 44.5 
Condenser Entering Water Temperature: 98.3 80 
Condenser Leaving Water Temperature: 111.9 89.6 
Evaporator Pressure Differential: 3 4 
Condenser Pressure Differential: 2 4 


Verify Safety Setting Limits: 


Low ramp: High Pressure: ee. Pressure: 
[v] 32 [v]575 [v] 92 


Rep Signature: 


E-Signature: Check Box (Authorized Signature) 
Doc: SHC onDEMAND® StartupWarranty 


SD #0018 Rev. 2.13.15 


[v] Yes [| No 
[lv] Yes LI 


Phase / Phase 


L1/L2 474 L2/L3 475 L1/L3 477 

Amperage: L1 39 L2 41 L3 40 
HEAT COOL 

Sight Glass Oil Level: 1/2 1/2 
Suction Pressure: 154 103 
Suction Temperature: 70.1 50 
Compressor Superheat: 16 17.2 
Discharge Pressure: 399 288 
Discharge Line Temperature (F): 220° max 165 143 
Discharge Gas Superheat (F): 50° min 48 51 
Liquid Line Temperature: 103 82 
Liquid Subcooling: 13 10 
Evaporator Entering Water Temperature: 81 50.2 
Evaporator Leaving Water Temperature: 60.3 44.5 
Condenser Entering Water Temperature: 98.6 80.3 
Condenser Leaving Water Temperature: 11.9 89.5 


Software Version: | UCH-SHC-HR.LON.06A.14 


Verify Safety Setting Limits: 


Low ramp: ace Pressure: Low Pressure: 
[v]32 [v] 575 [Vv] 92 


Print Name: Enrique Bordallo 


CLIMAQCOOL 


Startup and Warranty Registration Form (SHC onDEMAND*) 


Sign, date and E-mail to: technicalsupport@climacoolcorp.com or 


Fax: 405.815.3052 Attn: Technical Support 
Project Name: NAVFAC Building 3700 


Address: 5500 WALKER AVE.MARINE CORPS LOGISITCS BASE 


City/State/Zip: Albany, GA 31704 
Startup Date: 3/27/15 


Model No.: UCHO85AFASAWBOS 
Serial No.: C1413210185 
Chiller No.: 4 Bank No.: 1 


Bank Water Pressures Entering / Leaving 


Evaporator: 69 /60 9 AP 
Condenser: 35.0/ 27.0 8 AP 
Source: 32 6/28.5 At AP 


"Flow devices" shut off chiller below 40% of flow for Cool & Source loop and 25% for Heat loop: 


Ambient 
Temp: 87 Page 1 of 1 
Contractor Name: SafeAire Heating & Cooling 
Address: 3199 Palmyra Road 
City/State/Zip: Albany, GA 31707 
Phone No.: 229-789-0124 
Model No.: GSD80485VAB421 
Serial No. 1: 2786300449 
Serial No. 2: 2786300447 
Evaporator: Yes [] NIA 
Condenser: Yes [] NIA 
Source: Yes [] NIA 
Yes 


For initial MANDATORY water samples, bottles are provided. 
Follow instructions on label and mail the same day sample is taken. 


> All wiring terminations in module panel, safeties and compressors tightened: 


> Rotation of scroll compressor is correct: 


Voltage / Ground 


L1 273 L2 272 L3 274 
Low Voltage (24V): 24.4 


Compressor Circuit #1 


Amperage: L1 39 L2 41 L3 40 
HEAT COOL 
Sight Glass Oil Level: 1/2 1/2 
Suction Pressure: 159 114 
Suction Temperature: 77.2 55.8 
Compressor Superheat: 20.6 18.8 
Discharge Pressure: 486 307 


Discharge Line Temperature (F): 220° max 183 146.6 
Discharge Gas Superheat (F): 50° min 51 52 
Liquid Line Temperature: 115 84 
Liquid Subcooling: 17 12 


Evaporator Entering Water Temperature: 83 54.8 
Evaporator Leaving Water Temperature: 63 47.5 
Condenser Entering Water Temperature: 113 81 
Condenser Leaving Water Temperature: 131 91.5 
Evaporator Pressure Differential: 2 3 
Condenser Pressure Differential: 2 4 


Verify Safety Setting Limits: 


Low ramp: High Pressure: ee. Pressure: 
[v] 32 [v]575 [v] 92 


Rep Signature: 
E-Signature: 


Check Box (Authorized Signature) 


Doc: SHC onDEMAND® StartupWarranty 
SD #0018 Rev. 2.13.15 


[v] Yes [| No 
[v] Yes LI 


Phase / Phase 


L1/L2 472 L2/L3 472 L1/L3 476 

Amperage: L1 40 L2 43 L3 41 
HEAT COOL 

Sight Glass Oil Level: 1/3 1/3 
Suction Pressure: 158 107 
Suction Temperature: 77.2 54 
Compressor Superheat: 21.2 18.7 
Discharge Pressure: 484 296 
Discharge Line Temperature (F): 220° max 180 144 
Discharge Gas Superheat (F): 50° min 50 49 
Liquid Line Temperature: 112 83 
Liquid Subcooling: 20 13 
Evaporator Entering Water Temperature: 83 52.7 
Evaporator Leaving Water Temperature: 63 45.5 
Condenser Entering Water Temperature: 113 80.2 
Condenser Leaving Water Temperature: 131 90.3 


Software Version: | UCH-SHC-HR.LON.06A.14 


Verify Safety Setting Limits: 


Low ramp: ace Pressure: Low Pressure: 
[v]32 [v] 575 [Vv] 92 


Print Name: Enrique Bordallo 


CLIMAQCOOL 


Startup and Warranty Registration Form (SHC onDEMAND*) 


Sign, date and E-mail to: technicalsupport@climacoolcorp.com or 


Fax: 405.815.3052 Attn: Technical Support 
Project Name: 473 


Address: 5500 WALKER AVE.MARINE CORPS LOGISITCS BASE 


City/State/Zip: Albany, GA 31704 
Startup Date: 3/27/15 


Model No.: UCHO85AFASAWBOS 
Serial No.: C1413210186 
Chiller No.: 4 Bank No.: 1 


Bank Water Pressures Entering / Leaving 


Evaporator: 46.3/37.5 8.8 AP 
Condenser: 31.2/27.0 4.2 AP 
Source: 53.9/51.3 2.6 AP 


"Flow devices" shut off chiller below 40% of flow for Cool & Source loop and 25% for Heat loop: 


Ambient 
Temp: 87 Page 1 of 1 
Contractor Name: SafeAire Heating & Cooling 
Address: 3199 Palmyra Road 
City/State/Zip: Albany, GA 31707 
Phone No.: 229-789-0124 
Model No.: GSD80485VAB421 
Serial No. 1: 2786300446 
Serial No. 2: 2786300447 
Evaporator: Yes [] NIA 
Condenser: Yes [] NIA 
Source: Yes [] NIA 
Yes 


For initial MANDATORY water samples, bottles are provided. 
Follow instructions on label and mail the same day sample is taken. 


> All wiring terminations in module panel, safeties and compressors tightened: 


> Rotation of scroll compressor is correct: 


Voltage / Ground 


L1 273 L2 272 L3 274 
Low Voltage (24V): 24.3 


Compressor Circuit #1 


Amperage: L1 44.2 L2 45.9 L3 44.3 
HEAT COOL 
Sight Glass Oil Level: 1/3 1/3 
Suction Pressure: 159 121 
Suction Temperature: Ths 60.7 
Compressor Superheat: 21.5 19.9 
Discharge Pressure: 487 352 


Discharge Line Temperature (F): 220° max 180 158.5 
Discharge Gas Superheat (F): 50° min 58 51 
Liquid Line Temperature: 112 93 
Liquid Subcooling: 20 13 


Evaporator Entering Water Temperature: 85 60.7 
Evaporator Leaving Water Temperature: 63 51.9 
Condenser Entering Water Temperature: 115 80 
Condenser Leaving Water Temperature: 130 92.5 
Evaporator Pressure Differential: 2 4.0 
Condenser Pressure Differential: 2 2.5 


Verify Safety Setting Limits: 


Low ramp: High Pressure: ee. Pressure: 
[v] 32 [v]575 [v] 92 


Rep Signature: 
E-Signature: 


Check Box (Authorized Signature) 


Doc: SHC onDEMAND® StartupWarranty 
SD #0018 Rev. 2.13.15 


[v] Yes [| No 
[v] Yes LI 


Phase / Phase 


L1/L2 470 L2/L3 472 L1/L3 473 
Amperage: L1 44 L2 45.5 L3 44.2 
HEAT COOL 
Sight Glass Oil Level: 1/2 1/2 
Suction Pressure: 162 121 
Suction Temperature: 72.6 60.4 
Compressor Superheat: 15.5 19.2 
Discharge Pressure: 493 304 


Discharge Line Temperature (F): 220° max 177 144.3 
Discharge Gas Superheat (F): 50° min 44 47 
Liquid Line Temperature: 113 82 
Liquid Subcooling: 19 16 
Evaporator Entering Water Temperature: 85 60 
Evaporator Leaving Water Temperature: 63 50.9 
Condenser Entering Water Temperature: 115 80 
Condenser Leaving Water Temperature: 130 92.5 


Software Version: | UCH-SHC-HR.LON.06A.14 


Verify Safety Setting Limits: 


Low ramp: ace Pressure: Low Pressure: 
[v]32 [v] 575 [Vv] 92 


Print Name: Enrique Bordallo 


CHECKLIST DE INSTALACION PARA 
CONDENSADOR Y AEROENFRIADOR 


{.- INFORMACION GENERAL 


NOMBRE DEL PROYECTO: 
CLIENTE: 

CIUDAD, ESTADO. PAIS: 
MODELO DE CONDENSADOR;: 


Ail VOLTAJE: 


FASES: 
NUMERO DE SERIE: FRECUENCIA: 
I- INSTALACION MECANICA 
Indique fas dimensiones: Montaje de MCH/MFH 
A= m 


1.5 veces el 1.5 veces el 


ancho ancho Altura de las — ts. pt- ny 


1.25 veces el patas 
ancho C= m 


altura 0.5 veces la | 0.5 veces la 1d Pi 
: 0.5 veces la longitud long. een ge : — 
long. long. 
MFH ancho ancho Altura de las eee, - a 
2 hileras 1.25 veces el patas I ta bY : 
ancho ancho si te oe 
MEV altura 0.5 veces la }| 0.5 veces la 


0.5 veces la longitud long. 
altura I - 


0.5 veces la | 0.5 veces la ' fed * 
20 in. i it =e. 
long. long. id 


Montaje de MCD/MFD 


\ 
tab] 


“ 


% 
Tete eicte 


‘, 


se 


5 re iS 


i kg : 

g 2S > 2 a 

Ep Seer peri ete 
Sin accesorios Con Streamer Con ducto 
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CHECKLIST DE INSTALACION PARA 
CONDENSADOR Y AEROENFRIADOR 


I- INSTALACION MECANICA (Continuaci6n) y 


2 


a) gHay danos de embarque? 


Si hay dafio 2g ae e indique donde: 
de-ee Lo 


(Si o No) 


Este dafo, impide el arranque de Ia unidad? 


(Si o No) Ve 


) £El condensador firmemente soportado? (SioNo)_ Ss 
c) El condensador tiene instalado dampers? (Si o No) ~As0 
d) El condensador esta nivelado? (Si o No) £ ine fea { A 
e) gHay tarnillos 0 tuercas flojos? (Si o No) 24 Ventilador( ) Soporte({ ) Placavent« _) Block ( Sy 
f) Accesos para sevicio de mtto y/o reemplazo: Ventiladores (Bien, Mal, NA) 
Serpentin (para limpieza) (Bien, Mal, NA) 
Caja de conexiones eléctricas (Bien, Mal, NA) 
Tablero de control (Bien, Mal, NA) 
Interruptores de reparacién (Bien, Mal, NA) 


mecanica: 


entarios sobre la instalaciai 


Ill.- INSTALACION ELECTRICA 


a) Verificar suministro eléctrico de acuerdo a unidad 

b) Verificar conexi6n a tierra 

c) Verificar capacidad del circuito de proteccién 

d) Verificar calibre de cables de alimentaci6n principal 

e) Verificar tuberia conduit no tenga filos en contacto con cables 
f) Veriticar conectores glandula apretadas 

Q) Verificar terminales apretadas en caja de conexiones 

h) Modelo de ventiladores instalados 

i) Cantidad de ventiladores instalados 

h) Verificar conexidn de ventiladores de acuerdo a su voltaje 

i) Verificar conexién de proteccion térmica de cada ventilador TK’s 
j) Verificar conexién de interruptor de servicio 

k} Verificar terminales apretadas en tablero eléctrico 


!) eae sobre la instalacion eléctrica: 


Vottaje “ ig 
(Si 0 No) Ss 
Amperes 
Calibre o MOM 27a 
(Si o No) 
(SioNo) SF 
(Sio No) 
OS5OE63C) 


4¥b-5 


Voltaje Conexién (Y, A) hades EC 
(Sio No) A 
(Si o No} ss 


(Si o No) So 


IV.- INSTALACION DE REFRIGERACION PARA CONDENSADOR 


a) Verificar tuberia de descarga Diametro 


d) Tiene sifon entre naruieresih “A subenfria 
e) Tiene el recibidor entre cond nsador y suenfriador (Si o 
f) ¢Se hizo la prueba de fuga’ 
g) En la prueba de fugas si 
h) Tiene sistema de espredi 


i) Verificar la direccion defcada espre3ASi o No) 


j) Se localizaron y repararon fuyas en: 


Tiene trampa aire (Si 0 No) 


Cobre o Acero? 
Tiene valvula de purga de aire (Si o No) 


Cobre 0 Acero? 


ufre( )Aguajabonosa( )Oto si) 


{Cuantas espreas estan instaladas? 


k) Comentarios sobre la instalacién de refrigeracion: 
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CHECKLIST DE INSTALACION PARA GUNTNER 
CONDENSADOR Y AEROENFRIADOR Py 


V.- INSTALACION HIDRAULICA PARA AEROENFRIADORES 


a) Verificar tuberia de entrada Diametro : l veg e Cobre o Acero? A CEZO 
Tiene valvula de purga de ars (Si o No) Sz 
b) Verificar tuberia de salida Diametro 7 eg * Gobreo Acero? «Ss A ORE fete 
Tiene valvula mt linea de drenaje (Si o No) Set 
c) Tiene valvula de purga de aire (Si o No) Sy Donde esta colocada? ti hex ade | ext he es 
d) Bomba: Marca eS Modelo 
RPM ——_ Potencia del motor x HP 
e) Tanques ~Cuantos tanques hay? coal 
Volumen del tanque <i éEsta aislado termicamente? (Si o No) 
éEs tanque abierto? (Si o No) —— iEs tanque cerrado a presidn? (Si o No) = 


Q) Veriticar la direccion de cada esprea (Si 0 No) ~Cuantas espreas estan instaladas? 


f) Tiene sistema de espreado para enfriamiento por mary ya o No) Ac S é b 


/ 
h) @Hay fugas en el sistema? (Si o No) wy ¢ 
i) Se localizaron y repararon fugas en: 


d) Hacer diagrama de flujo del proceso indicando Aeroentriadores, tanques, bombas, carga, y puntos abiertos a la atmdsfera 


c) Comeniarios sabre la instalacién hidraulica: 


’ 


[a HCA ate CQ P2GE. So Slat 


Personal de Gintner: Cliente: 
Nombre Nombre 
Firma Firma 
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CHECKLIST DE OPERACION PARA 
CONDENSADOR Y AEROENFRIADOR 


I.- INFORMACION GENERAL 
NOMBRE DEL PROYECTO: 


CLIENTE: 


CIUDAD, ESTADO. PAIS: 


MODELO DE CONDENSADOR: S- G 


NUMERO DE SERIE: 
lL. OPERACION DE ILADORES 
a) Voltaje 4 tore Voltios e) El ventilador vibra? (Si, No) A/o 
b) Frecuencia GO Hertz f) El ventilador tiene ruido? (Si, No) Wa dB mt 
c) Corriente Amperios g) Hay obstruccidn externa al flujo de aire? (Si, No) 
d) Sentido de giro correcto (Si, No)_ <S # h) gHay vibracién en toda ta unidad? (Si o No) 


i) Comentarios sobre la operacién de ventiladores 


Ill,- OPERACION DE CONDENSADOR 


a) Refrigerante FA of L pat oO 


b) Evaporacién P= psig T= °C 
c) Gondensaci6n P= psig T= °C 
d) Temperatura del gas entrando = °C 
e) Temperatura de! liquido saliendo = 40 26 FF 
f) Temperatura ambiente a 10m de ta unidad: = 8¢ 
g) Temperatura del aire entrando a la unidad: = °C 
h) Temperatura del aire saliendo de la unidad: T= °C 


i) Velocidad promedio del aire en block Vel = m/s 
j) gEsta obstruido el serpentin? (Si o No) é t, @}_Sarro( ) Polvo( ) Otros: pe . L gee, 4K St este, 


= 


k) Tiene sistema de espreado para enfriamiento por agua? (Si o No) Me 


l) 4Esta ajustado para trabajar maximo 240 horas por afio? (Si o No) 
m) <Usan tratamiento de aqua? (Si 0 No) ie vA £Qué tipo de tratamiento? ifer- rae 
n) Se tomé muestra del agua de espreado: (Sio No) AJA Tamano de la muestra: == ————— sem 


a) Comentarios sobre la operaci6n de condensadoyes : f 
Ss , p 2 FB , . Se Z04-C sean 


Notas Adicionales: 
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CHECKLIST DE OPERACION PARA 
CONDENSADOR Y AEROENFRIADOR 


\V.- OPERACION DE AEROENFRIADOR 


a) Fluido: Agua ( ) Etilenglicol ( ) Propilenglicol ( ) Otro: 

b) Concentracion So 

c) Temperatura fluido entrando Tent = Lie) 

d) Temperatura fluido saliendo Tsal = °C 

e) Temperatura ambiente a 10m de Ia unidad: T= Le; 

f) Temperatura del aire entrando a la unidad: T= 3C¢ 

g) Temperatura del aire saliendo de la unidad: T= 9C 

h) Presién fluida entrando Pent = psig 

i) Presi6n fluido saliendo Psal = psig 

}) Se tomo muestra del fluido: (Si o No) Tamano de la muestra: mi 
k) Se midio flujo en tuberia entrada: (Si 0 No) Flujo medido LPH 
1) Se midio flujo en tuberia salida: (Si o No) Flujo medido LPH 


m) Tiene sistema de espreado para enfriamiento por agua? (Si o No) 

n) ZEsta ajustado para trabajar maximo 240 horas por afio? (Si o No) 

o) 2Usan tratamiento de agua? {Si o No) 4.Qué tipo de tratamiento? 

p) Se tom6 muesira del agua de espreado: (Si o No) Tamano de la muesira: mi 
q) Comentarios sobre la operacién de aeroenfriadores 


Notas Adicionales: 


Personal de Giintner: 


f Cliente: F 
i fad Ay Ory 
Nombre _~ ¢/ wey So Nombre 
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Job Number: 1277-7536 Floor: #1 


(ik) McKenneys Job Name: MCLB Building 3700 


duliding A Migher Stahdare 


Terminal Unit Checkout Sheet 


Control Function Raise Setpoint Lower Setpoint Configuration 


Verify Clg (heat/fan off, flow) 
Verify Htg (flow, fan/heat on) 
® Airflow Decrease w/ AF-SP 
Modulating Heat % Up 
Modulating Heat % Down 
Airflow Increase w/ AF-SP 
Clockwise/Counter Clockwise 
Modulating/Staged Heat 


[= 
ee; ~ [e) 
ie oO [= +S 
5|2|2 §|8|5|/5|5 2/2/8/ 2 | z E 
Bl/O|S/] ¢e -—|N -|N o|2 a oO = a 
Blelels 13/2) 3/8 8} § s 2 6 > 
Fligiaic S/s/s S| s| 2 o |e Ss 3S = f= 
e\Z\|</= 2lalsls| sl 3/2 a\e = | 2 | & = 
= a ‘ia 5 = =. , — = 
NAME |2|2|2|8 lane Eales eae: 3 s 2 i: 
VAV-101 Yes | Yes | Yes | Yes Se See Se coe ee aaa 
VAV-102 ebeliebelelebel=letmbelmtetafiebelavletmtel ae {as {as | 
VAV-103 er es de es 1880 11-Oct 


VAV-104 estes te es ea fee oon on ee oe oa te ee ce abo bes BABE | es 
vav-105 | ves | ves| ves| ves | ves| ves] ves | na | na | na | ves| na | na | na | ves| ves | ccw| na | na | ves | 
VAV-106 ete tetera tate eters eee es 
1100 | na | 4-0ct_| 

[na | ona 


vav-107__| Yes | ves| ves | ves | ves| ves] ves | na | na | na | ves| na | na | na | ves| ves | ccw | na | na | ves | 335 12 
VAV-108 pos oa poe toa pet oa toate oat ete mato toet moet oe toet tet om fom om | 

vav-109 | ves | ves | ves| ves | ves| ves] ves | na | na | na | ves| na | na | na | ves| ves | ccw | na | na | ves | 1210 | na | a-oct_| 
VAV-110 Pes tests es int es ef oa na fo fen on boa na tees ccf ne ton ten} nano] aay goo | 2750 | na_|4-Oct | 
vav-111 | ves | ves| ves | ves| ves| ves] ves | na | na | na | ves| na | na | na | ves| ves | ccw | na | na | ves | pe | aos | 
VAV-112 eee 
vav-113 | ves| ves| ves | ves | ves| ves] ves | na | na | na | ves| na | na | na | ves| ves | ccw | na | na | ves | 1400 

VAV-114 Piss tests tes et es est oa tna fe bres na boa toa tetas ccit os toa tes] 85] ts fw | 8) 
vav-115 | ves| ves| ves| ves | ves| ves] ves | na | na | na | ves| na | na | na | ves| ves | ccw | na | na | ves | 


VAV-116 fe fwefeee ete farfafeela tee fesleel ee fie em [ee [ane iso | na] 25001 | 
vav-117___| ves| ves | ves | ves | ves | ves | ves | na | na | na | ves| na | na | na | ves| ves| cow na | na|ves| 2820 1410 a300__| na _| 25-oct | 
| na | na 


VAV-118 [na | na | na | na | na | na | na | na | na | na | [na | na | na_| na | na | ewe [ae [so [| 
VAV-119 Fe ee RU CHGS CNGTG MER GUN | na | 5-0ct_| 
vAv-120 _ | Yes | Yes | ves | ves | Yes | Yes] Yes | na | na | na | ves| na | na | na | ves} Yes| ccw| na|na|ves| 405 _| aes 


VAV-124 Feed Red kt ed and TOU Geode ara 
VAV-122 _| Yes | ves | ves | ves | ves | ves] ves| na | na | na] ves| na | na | na|ves|ves|ccw|na|nalves| 100 | 367 | 525 [aa | 2750 | na_|13-0ct | 
vav-123 | Yes | ves | ves ves | ves | ves| ves| na | na | na | ves| na | na|na|ves|ves|ccw| nal nalyes| 750 | 250 | 320 | 12 | 1900 | na_|_18-0ct | 
vAv-124 _ | Yes | ves | ves | ves | ves | ves | ves| na | na | na] ves| na | na|na|ves|ves|ccw|na|nalyves| 600 | 165 | 230 | 10 | 1400 | na_|18-0ct | 
vav-125 _ | Yes | Yes | ves | ves | Yes | Yes] Yes | na | na | na | ves| na | na | na | ves|ves| ccw| na|na[ves| 925 | 335 | ats | a2 | 1900 | ina 13-0ct | 
VAV-126 Yes | Yes | Yes | Yes | Yes | Yes | Yes} na | na | na | Yes} na | na | na | Yes| Yes | CCW| na | na | Yes 


McKenneyS Job Name: MCLB Building 3700 


Job Number: 1277-7536 Floor: #1 


Sullding A Migher Stahdare 


Terminal Unit Checkout Sheet 


Control Function 


Raise Setpoint Lower Setpoint 


Configuration 


Max Cooling CFM 
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Verify Htg (flow, fan/heat on) 
Airflow Decrease w/ AF-SP 
Fan Start 

Modulating Heat % Up 
Modulating Heat % Down 
Airflow Increase w/ AF-SP 
Clockwise/Counter Clockwise 
Modulating/Staged Heat 


Heat Stage 1 Off 
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Heat Stage 1 On 
Heat Stage 2 On 
Heat Stage 2 Off 

# of Stages of Heat 
Series/Parallel Fan 
Area Control Links 
Date Completed 


A Verify Clg (heat/fan off, flow) 
Fan Stop 


| 
oO 
wn 


VAV-127 
VAV-128 
VAV-129 
VAV-130 
VAV-131 
VAV-132 
VAV-133 
VAV-134 


Fe ese) ee Bega ea ene IT IE) 
ws[ves|vee[ na [va [ na [ves] nn [va [na [vs vee com[ na [va [ven| 27es [sae [190s [a9 [e300 [na | as-00 
Yes| Yes ves] na [na | na [ves] na | na | na | ves] ves[ ccw] na | na [ves] 940 | sis _| 470 | 12 | 1900 | na | 19-00 | 
ves [ves| ves| na | na | na [ves] na | na | na [ves] ves] ccw] na | na [ves] 680 | 230 | 340 | 20 | 1400 | na | 18-0ct | 
res [ves | ves [nw [no [ va [es [fm [ves vs cow nw [ne [ves] pan [ass | ato [ae [900 [sa 
ves[ ves] ves| na [ na | na [ves] na | na | na [ves] Yes] ccw | na | na |ves| 2850 | 950 | 1425 | 29 | 8300 | na | 19-0ct | 
52) Ee ec ed lO 7 
ws [ves | ves] ves ne-[-na [na [ves] ne [na [ ne [ves ves [cow] ne [na [ves[ eis [20s [ —sn0 [10 | 200 [na] 25-00 


Checked by: Justin Boggs/Ken Alexander Date: 10/19/2014 


< 


alalslelelelsle Verify Comm 


HVAC Control System 
Provicted by MeKenmey’s Inc. 
Antormte tion < Contral Solrstions 


Note #1: VAV-111 had no flow when HWV actuator was virified open. Safe Aire cleared clogged pipe but still low flow to coil. 

Note #2: VAV-105 has no flow when HWV actuator was verified open. Safe Aire has not corrected. 

Note #3: VAV-121 has low flow when HWV actuator was verified open. Safe Aire has not corrected. Set Heat CFM to match minimum 
Note #4: Found multiple splices/t-taps above ceiling. Far exceeds free topology wiring limits. 


Note #5: VAV-104 has no flow when HWV actuator was verified open. Safe Aire has not corrected. Set Heat CFM to match minmum. 


NMcKen neysS Job Name: MCLB Building 3700 


Job Number: 1277-7536 Floor: #2 


Building A Higher Standard 


Terminal Unit Checkout Sheet 


NAME 
VAV-201 
VAV-202 
VAV-203 
VAV-204 
VAV-205 
VAV-206 
VAV-207 
VAV-208 
VAV-209 
VAV-210 
VAV-211 
VAV-212 
VAV-213 
VAV-214 
VAV-215 
VAV-216 
VAV-217 
VAV-218 
VAV-219 
VAV-220 
VAV-221 
VAV-222 
VAV-223 
VAV-224 
VAV-225 
VAV-226 
VAV-227 


Control Function Raise Setpoint Lower Setpoint Configuration 


sle B 

= 6 £ $ = : < S o = = S 

fo} 5 Po so | => eS o = 
S| |p | ee | ow | |= | ov =/$|8|Siei@2| » i = = 
SB) eyrelel] = = XB} 2/2/23 >1515/8/2/ 2) sg = . > 
21S/alS/sl/z/9 s/s|s|s si(=|2/elele| 8 S S g 5 
oe | aeee| eel cer] aes | | 2 | |e s/Z/Z2/a/8/s| © S c= ow O 
o|o|o|o|o|o|& 8/8/33 Slt] Slolsl sl] & = ® 3 = 
dn a ae (a ee ey pe Be Se = ]=jIito}1ol# |on/=S2)/] = = aE [wal ee 
ves | Yes | Yes | Yes Reve reef vc cade 2750 
ves | ves | ves | ves| ves] ves| ves| na | na | na|ves| na|na|nalfyves|ves| ccw| na|na|yes| 1000 | 333 | soo | 12 | 1900 
ves | ves | ves | ves | ves] Yes| Yes| na | na| na | Yes| na | na| na | Yes| Yes| ccw| na | na | Yes | 800 16 3500 
es | ves | ves | ves | ves] Yes | Yes| na | na| na | Yes| na | na| na | Yes| Yes| ccw| na | na | Yes | 435 12 1900 
Yes 625 2750 
EY TE SD 1900 
ves | ves | ves | ves| ves] ves | ves| na | na | na|ves| na|na|nalyves|ves|ccw|na|na|yves| 870 | 290 | 435 | 12 | 1900 
ves | ves | ves | ves| ves] ves | ves| na | na | na|ves| na|na|najyves|ves| ccw| na|na|yves| 870 | 290 | 435 | 12 | 1900 
ves | ves | Yes | ves | ves| ves | ves| na | na | na | Yes| na | na| na | Yes| Yes| ccw| na | na | Yes | 435 12 1900 
ves | Yes | Yes | Yes | ves| ves | ves| na | na | na | Yes| na | na| na | Yes| Yes| ccw | na | na | Yes | 1040 16 3500 
ves | Yes | ves | ves| ves] Yes | Yes| na | na| na | Yes| na | na| na | Yes| Yes| ccw| na | na | Yes | 345 10 1400 
ves | ves | ves | ves | ves] ves | ves| na | na | na|ves| na|na|nalyves|ves| ccw|na|nal|ves| 825 | 275 | 415 | 12 | 1900 
ves | ves | ves | ves| ves] ves | ves| na | na | na|ves| na|na|nalyves|ves|ccw| na|na|yves| 600 | 200 | 28 | 10 | 1400 
| Yes | Yes | Yes | Yes | Yes | Yes | Yes | na | na | na | Yes | na | na | na | Yes| Yes| ccw| na | na | Yes| 1420 475 710 2750 
| Yes | Yes | Yes | Yes | Yes | Yes | Yes | na | na | na | Yes| na | na | na | Yes | Yes| ccw | na | na | Yes | 375 12 1900 
| Yes | Yes | Yes | Yes | Yes] Yes | Yes | na | na | na | Yes| na | na | na | Yes| Yes | ccw | na | na | Yes | 555 12 1900 
Yes | Yes | Yes | Yes | Yes] Yes| Yes| na | na | na | Yes| na | na | na | Yes| Yes| CCW | na | na | Yes | 1400 
EDM 
| Yes | Yes | Yes | Yes | Yes | Yes | Yes | na | na | na | Yes| na | na | na | Yes| Yes| CCW | na | na | Yes | 1900 
Pe ee IS es Ta MIs | 1900 
Re De De See ene Se 1400 
| Yes | Yes | Yes | Yes | Yes| Yes] Yes| na | na | na|Yes| na|na|na|Yes|Yes|ccw|na|nalyYes[ 860 | 287 | 430 =| 12 =| 1900 
| Yes | Yes | Yes | Yes | Yes| Yes] Yes| na | na | na|Yes| na|na|na|Yes|Yes|ccw|na|nalyYes{ 600 | 200 | 285 | 10 | 1400 
Yes | Yes | Yes | Yes | Yes| Yes] Yes| na | na | na|Yes| na|na|na|Yes|Yes|ccw|na|na|yYes{ 2250 | 750 =| 1125 | 16 = [| 3500 
| Yes | Yes | Yes | Yes | Yes | Yes] Yes| na | na | na] Yes| na|na|na|Yes|Yes|ccw|na|nalyYes{ 1710 | 570 | 855 | 16 | 3500 
| Yes | Yes | Yes} Yes| Yes] Yes] Yes] na | na | na} Yes| na|na| naj Yes|Yes|ccw|na|nalves{ 870 | 290 | 435, | 12, | 1900 


3 {Area Control Links 


Date Completed 


11-Jan 
15-Nov 
9-Nov 
15-Nov 
15-Nov 
15-Nov 
15-Nov 
15-Nov 
10-Jan 
10-Jan 
10-Jan 
15-Nov 
10-Jan 
8-Nov 
9-Nov 
9-Nov 
9-Nov 


11-Jan 
1-Nov 
1-Nov 
2-Nov 
2-Nov 
8-Nov 
8-Nov 
8-Nov 


NMcKen neysS Job Name: MCLB Building 3700 


Job Number: 1277-7536 


Floor: #2 


Building A Higher Standard 


Terminal Unit Checkout Sheet 


NAME 
VAV-228 
VAV-229 
VAV-230 
VAV-231 
VAV-232 
VAV-233 
VAV-234 


Note #1: 
Note #2: 
Note #3: 


Control Function Raise Setpoint Lower Setpoint 


Verify Htg (flow, fan/heat on) 
Airflow Decrease w/ AF-SP 
Clockwise/Counter Clockwise 


= 
& -|a 
= =| 
P| oO}; kW 
(=) Qa | x 
c es || eee 
on 
£ aE 
S ol] ® 
® 2) 3B 
£ =| 2 
D> ele 
oO © | s 
= 2s 
o o| = 
> = |r 


Modulating/Staged Heat 
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Verify Zone Sensor 
Verify DAT Sensor 
# of Stages of Heat 
Series/Parallel Fan 
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Verify Comm 
Heat Stage 2 On 
Heat Stage 2 Off 


Yes 


Max Cooling CFM 


Configuration 


Heating CFM 
Box Size 


Yes Ves[ves] na [na [na] ves| na[ na] na[ves] ves] cow] na|na[ves] 670 | 290] a5 | 2 | 


[Yes] ves] ves] ves] ves] ves] ves| na | na | na [ves] na | na] na ves| ves] cow] na|na[ves| 600 | 200 | 290| 10 
[Yes ves ves] ves] ves] ves] ves| na | na|-na[ves| na] na| na] ves| ves] cow] na|na|ves| 870 | 290 | 35 | 12 
[Yes] ves] ves] ves] ves] Yes] ves| na | na | na [ves] na | na] na ves] ves] cow] na] na[ves| 870 | 290 | 5 | m2 
[ves ves[ ves] ves] ves] ves] ves| na | na | na[ves| na | na] na| ves] ves] cow] na] na|ves| 1720 | 575 | ee0_| 18 
[ves] ves[ ves] ves] ves] ves] ves| na | na | na [ves] na | na] na ves] ves] cow] na] na [ves] 2250 | 750 | ams | 6 
[ves| ves[ ves] ves] ves} ves] ves| na | na | na[ves| na [na | na|ves|ves| cow] na|nafves| 1800 | 600 | 900 [16 


Checked by: Justin Boggs/Ken Alexander 


Found that Nueron ID for VAV-229 was physically installed on VAV-230. Corrected by swapping Neurons in database. 
VAV-224 has clogged pipe and will not heat. SAT @ 59.3 DegF with control valve full open. Heat CFM matches cool min. 


Date: 1/10/2015 


High Flow Calibration 


HVAC Con tot Systema 
provided by MeKernney’s Insc. 
Antomeation < Control Salutions 


315) 25] 5] 3 Area Control Links 
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Job Name: MCLB Building 3700 


McKenney 


Job Number: 1277-7536 


Floor: #3 


Building A Higher Standare 


Terminal Unit Checkout Sheet 


NAME 
VAV-301 
VAV-302 
VAV-303 
VAV-304 
VAV-305 
VAV-306 
VAV-307 
VAV-308 
VAV-309 
VAV-310 
VAV-311 
VAV-312 
VAV-313 
VAV-314 
VAV-315 
VAV-316 
VAV-317 
VAV-318 
VAV-319 
VAV-320 
VAV-321 
VAV-322 
VAV-323 
VAV-324 
VAV-325 
VAV-326 
VAV-327 


Control Function Raise Setpoint Lower Setpoint 


Heat Stage 2 On 


Verify Htg (flow, fan/heat on) 
Airflow Decrease w/ AF-SP 
Clockwise/Counter Clockwise 
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Modulating Heat % Down 
Airflow Increase w/ AF-SP 
Modulating/Staged Heat 
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Verify Zone Sensor 
Verify DAT Sensor 
H# of Stages of Heat 
Series/Parallel Fan 
Max Cooling CFM 
& |Min Cooling CFM 
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| Verify Installation 
Verify Comm 


| 
v) 
| 
) 
wn 
< 
i) 
w 
| 
rn) 
a 
| 
© 
wn 
| 
i) 
w 


Gees Eee Ne re ed a el 
APE Secor 
[ves | ves | ves | ves| ves| ves] ves| na | na | na | ves| na | na|na|ves|ves|cow|na|nalves| 1120 | 375 | 


Configuration 


Heating CFM 
& [Box Size 


os [8 


High Flow Calibration 


3500 
2750 
2750 
3500 


ves] ves] ves | ves| ves [ves [ves | na [ na | na | ves | ne | na | na [ves | ves| cow] na [ na [ves] 2050 
A eel re fen a re rea ec pel ve ptetts 
Fves| ves] ves[ ves] vee] ves] ves] na | oa | na [Yes] na [na | na [ves| ves] cow| na [na [ves] 1400 | 470 _| 
en et sal el oa a a rea ra eleven 22a a0) RGU NESE 
ves [ves] ves] ves] ves [ ves ves| na [ na | na |ves| na | na | na [ves] ves[Ccw| na [na ves| 80 | 295 
[ves [ves | ves] ves] ves[ ves[ ves] na [ na [ na [ves] na | na | na [es ves] Cow] na | na [Yes 


ales 
Ce 


2750 
2750 


1900 
1900 


2750 


[ves] ves ves | ves] ves ves] ves] na | va | na | ves) na | na | na [ves] ves] cow] na | na | ves] 


2750 


[ves | ves] ves] ves] ves[ ves [ver] na [ na [ na |ves| na | na | na [ves ver] Cow] na | na [ver 
[ves [ves] ves] ves] ves] ves] ves] na.[ na | ne] ves] na [na | na] ves] ves] Cow] na |ra|ves] 930 | 310 
[ves [ves] ves ves| ves) ves] ves] na | na | na] ves] na [na | na] ves] ves] Cow] na | raves] 600 | 200 
[ves [ves] ves ves| ves] ves] ves] na | na | ne] ves] na [na | raves] ves] Cow] na | na|ves] 985 | 330 
[ves [ves ves] ves] ves[ ves ves] na [ na [ na [ves] na | na | na [ves ves] Cow] na [na [ves 


630 14 
640 14 
700 14 


| 465s 
| 300] to 
| 4952 


2750 
2750 
1400 
1900 
1900 


[ves] ves[ ves | ves] ves ves] ves] na | na | na] Yes) na | ne | na [ves] ves] cow] na | na | ves] 


1900 


[ves ves[ ves ves] ves] ves] ves] na | na [ na [ves] na | na | na] ves] ves] cw] na | na | ves| 
Pra [na | ra[ ra] nal na|na|na|na[na|na|ralra|na|na| ra] na [ra[ra|ral na | ra | 
[ves] ves] ves] ves] ves] ves] ves] na_| na [ na [Yes] na] na] na ves] ves] CW] na|na|ves| 620 | 210 


540 12 
450 12 
730 14 


SSS SSS T SSS ao 
[ves[ ves] ves] ves] ves[ ves] ves] na [ na | na] Yes| na [na | nal] ves] ves] Cow] na | na [Yes] 1105 

[ves [ves] ves | ves| Yes ves] ves | na | na| na ves| na [na nal ves| ves] Cow] na|na[ves| 1300 | #35 _| 
Pes [ver [var] ves vos [vs ver [ we [nw Ds [Vesna [vs [nts [es cow [re [re [ver] 00 | 70] 
Pves[ ves] ves] ves| ves[ ves] ves| na | na| na Yes| na | na| nal ves] ves] cow] na| na [ves] 1330 | #45 | 
[ves ves] ves] ves] ves[ ves] ves] na | na | na] Yes| na | na] na ves| ves] Cow] na| na [ves] 680 | 230 | 
Pves[ ves] ves] ves] ves[ ves] ves| na | na | na Yes| na | na| nal ves] ves] cow] na] na|ves] 600 | 200 | 
[ves[ ves] ves] ves] ves| ves] ves] na | na | na | Yes| na | na| na ves] ves] cow] na | na [ves] 600 | 200 | 


—— 
es 
| 665 | a 
a |e 


[300 [10 


2750 


1400 


1900 
2750 
820 
2750 
1400 
1400 
1400 


3 {Area Control Links 


Date Completed 


25-Jan 
19-Jan 
18-Jan 
18-Jan 
17-Jan 
17-Jan 


17-Jan 
18-Jan 


19-Jan 
19-Jan 
25-Jan 
18-Jan 
17-Jan 
13-Dec 
7-Dec 
13-Dec 
24-Jan 


6-Dec 


19-Jan 
25-Jan 
24-Jan 
13-Dec 
6-Dec 
6-Dec 
6-Dec 


Job Name: MCLB Building 3700 


McKenney 


Job Number: 1277-7536 Floor: #3 


Building A Higher Standare 


Terminal Unit Checkout Sheet 


NAME 
VAV-328 
VAV-329 
VAV-330 
VAV-331 
VAV-332 
VAV-333 
VAV-334 
VAV-335 
VAV-336 
VAV-337 


Note #1: 
Note #2: 
Note #3: 
Note #4: 
Note #5: 
Note #6: 


Control Function Raise Setpoint Lower Setpoint Configuration 


Heating CFM 
pes 


Clockwise/Counter Clockwise 
5 High Flow Calibration 
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Verify Htg (flow, fan/heat on) 
Airflow Decrease w/ AF-SP 
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Modulating/Staged Heat 
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Verify Zone Sensor 
Verify DAT Sensor 
# of Stages of Heat 
Series/Parallel Fan 
Max Cooling CFM 
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Verify Comm 
Heat Stage 2 On 
Heat Stage 2 Off 


Yes | ves Yes[ves| na[-na[na]ves| na[ na] na] ves] ves] cow] na[na[ves] 600 | 200 | 370_| 10 | 
[ves [ves] ves | ves| ves ves] ves| na | na| na Yes| na | na | na ves| ves] cw] na | na[ves] 260 | 855] 1280 | 16 
[ves [ves] ves | ves] ves[ ves] Yes| na | na| na Yes na| na nal ves| ves] cw] na | na[ves| 2450 | e20_| tz | 16 
[ves ves] ves | ves] ves[ ves] ves| na | na| na ves| na] na na ves| ves] cw] na[na|ves] 30 | us | 170 | 6 
Pres [ves] ves | ves] ves[ ves] ves] na | na | na Yes na| na na ves| ves] cw] na|na[ves| 150 | 285 | 575 | 2 
[ves ves] ves ves] ves[ ves] ves| na | na | na ves| na | na | na ves| ves] ccw| na | na[ves] 2200 | 25 | ea | 18 
Pves[ ves] ves | ves] ves[ ves] ves| na | na | na Yes] na| na na ves| ves] ccw| na na[ves| 1960 | 655 | 980 | 16 
[ves ves] ves | ves] ves[ ves] ves| na | na | na | Yes na | na | na ves] Yes] ccw| na | na[ves] 2550 | 855 | 17s | 16 
Pves[ ves] ves] ves] ves[ ves] ves] na | na | na Yes na| na na ves| ves] cw] na|na[ves| 940 | 35 | 470 | 2 
[ves[ ves] ves ves] ves| ves] ves| na | na | na] Yes[ na| na [na ves| ves] cow na[na[ves] 750 | 250 | 375 | 10 


Checked by: Justin Boggs/Ken Alexander Date: 1/25/2015 


HVAC Control System 
provided by MeKermey's Inc. 
Asctonvections 2 Control Solutions 


VAV-337 had existing logic that had it's PB Occ enabled to start AHU-3B. Made the same logic in the retrofit programming. 

VAV-316 has low/no hot water flow. Set the maxHeatCFM setpt to match minCFM setpt. --Advised GC that this change isn't helping. 
VAV-330 has low/no hot water flow. Set the maxHeatCFM setpt to match minCFM setpt. --Advised GC that this change isn't helping. 
VAV-324 has low/no hot water flow. Set the maxHeatCFM setpt to match minCFM setpt. --Advised GC that this change isn't helping. 
VAV-331 has low/no hot water flow. Set the maxHeatCFM setpt to match minCFM setpt. --Advised GC that this change isn't helping. 
Found that the CHWV on AHU-3b was inoperable and wired incorrectly to MNL-800. Replaced Actuator and rewired in MNL-800. 


3500 
3500 
400 
1900 
2750 
3500 
3500 
1900 
1400 
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Date Completed 


7-Dec 

6-Dec 

7-Dec 
14-Dec 
24-Jan 
25-Jan 
24-Jan 
24-Jan 
14-Dec 
14-Dec 


Page Intentionally Left Blank 


APPENDIX J ENERGY MODELING RESULTS 


J-1 


ESTCP-MCLB Albany-Bldg 3700(2012-06-12) 


REPORT- BEPS Building Energy Performance 


EM2- ELECTRICITY 
MBTU 1102.0 


EMi ELECTRICITY 
MBTU 0.0 


FM2- NATURAL-GAS 
MBTU 0.0 


FM1 NATURAL-GAS 
MBTU 0.0 


MBTU 


TOTAL SITE ENERGY 
TOTAL SOURCE ENERGY 


MCLB - Albany,GA - B3700 
Existing HVAC System 


TASK MISC SPACE SPACE HEAT PUMPS 
LIGHTS EQUIP HEATING COOLING REJECT & AUX 
0.0 3218.0 0.0 29.3 0.0 3.5 
0.0 0.0 23.5 2957.0 469.1 1538.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 


0.0 3218.0 


4172.0 


15028.80 MBTU 
35699.40 MBTU 


PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE 
PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED 
HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE 
HOURS ANY ZONE BELOW HEATING THROTTLING RANGE 


NOTE: 


ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIE 


89.3 KBTU/SQFT-YR GROSS-AREA 
212.1 KBTU/SQFT-YR GROSS-AREA 


S. 


DOE-2.2-48y 


1/24/2017 


13:31:43 BDL RUN 1 


WEATHER FILE- ALBANY DOUGHERTY GA 


NT REFRIG HT PUMP 
NS DISPLAY SUPPLEM 
3.0 0.0 0.0 
2.2 0.0 0.0 
0.0 0.0 0.0 

0.0 0.0 
5.2 0.0 0.0 


20.91 
0.00 
1287 

24 


DOMEST EXT 
HOT WTR 


USAGE TOTAL 
0 0.0 4355.3 
to) 0.0 5979.9 
545.6 0.0 545.6 
to) 0.0 4148.0 


89.3 KBTU/SQFT-YR NET-AREA 
212.1 KBTU/SQFT-YR NET-AREA 
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ESTCP-MCLB Albany-Bldg 3700(2012-06-12) 


REPORT- PS-B Utility and Fuel Use Summary 


MCLB - Albany,GA - B3700 
Existing HVAC System 


DOE-2.2-48y 


1/24/2017 13:31:43 BDL RUN 1 


WEATHER FILE- ALBANY DOUGHERTY GA 


JAN FEB MAR 

EM2- ELECTRICITY 

KWH 103612. 97195. 115170. 
MAX KW 333.6 333.6 333.8 
DAY/HR 27/16 23/12 23/16 
EMi ELECTRICITY 

KWH 115983. 107152. 124198. 
MAX KW 304.8 299.5 286.5 
DAY/HR 6/16 28/16 27/16 
FM2- NATURAL-GAS 

THERM 438. 415. 499. 
MAX THERM/HR 2.1 2.1 2.1 
DAY/HR 11/10 14/10 2/10 
FM1 NATURAL-GAS 

THERM 5596. 4809. 4505. 
MAX THERM/HR 22.1 18.4 18.1 
DAY/HR 1/1 12/ 8 19/ 8 


APR MAY JUN JUL AUG 
102748. 111325. 110501. 103701. 115237. 
333.7 334.1 334.0 334.0 333.9 
26/16 24/16 15/16 20/15 30/16 
125654. 152753. 181546. 199305. 190310. 
304.2 340.4 376.6 392.4 384.3 
3/16 16/15 15/16 21/14 31/14 
437. 479. 478. 438. 499. 
2.1 2.1 2.1 2.1 2.1 
5/10 4/10 1/10 27/10 16/10 
2782. 2436. 2144. 2319. 2152. 
14.4 9.1 8.4 8.2 8.2 
23/ 8 21/19 18/11 9/22 27/21 


SEP oct NOV DEC TOTAL 
102772. 107478. 102716. 103650. 1276104. 
334.0 333.8 333.8 333.6 334.1 
21/16 6/14 8/15 14/16 5/24 
167646. 152354. 117498. 117722. 1752122. 
366.1 374.4 278.8 298.6 392.4 
1/16 5/16 24/14 8/16 7/21 
437. 459. 437. 438. 5456. 
2.1 2.1 2.1 2.1 2.1 
26/10 17/10 3/10 20/10 12/20 
2169. 2384. 3683. 6502. 41480. 
8.1 12.2 16.7 19.0 22.1 
17/21 17/ 6 5/ 7 25/22 1/1 
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ESTCP-MCLB Albany-Bldg 3700(2012-06-12) 


REPORT- BEPS Building Energy Performance 


EM2- ELECTRICITY 
MBTU 1102.0 


EMi ELECTRICITY 
MBTU 0.0 


FM2- NATURAL-GAS 
MBTU 0.0 


FM1 NATURAL-GAS 
MBTU 0.0 


MBTU 1102.0 


TOTAL SITE ENERGY 
TOTAL SOURCE ENERGY 


PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE 


GHP HVAC System 


MCLB - Albany,GA - B3700 


TASK MISC SPACE SPACE HEAT PUMPS 
LIGHTS EQUIP HEATING COOLING REJECT & AUX 
0.0 3218.0 0.0 29.2 0.0 3.5 
0.0 0.0 830.2 3230.0 0.0 1755.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 


11694.90 MBTU 
33993.60 MBTU 


PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED 
HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE 
HOURS ANY ZONE BELOW HEATING THROTTLING RANGE 


NOTE: 


VENT REFRIG 


DOE-2.2-48y 


1/27/2017 


9:59:18 BDL RUN 6 


WEATHER FILE- ALBANY DOUGHERTY GA 


HT PUMP 


FANS DISPLAY SUPPLEM 


69.5 KBTU/SQFT-YR GROSS-AREA 
202.0 KBTU/SQFT-YR GROSS-AREA 


ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES. 


3.0 0.0 0.0 
9.4 0.0 0.0 
0.0 0.0 0.0 

0.0 0.0 
2.4 0.0 0.0 


20.34 
0.00 
1106 

26 


DOMEST EXT 
HOT WTR 


USAGE TOTAL 
0 0.0 4355.2 
to) 0.0 6794.1 
545.6 0.0 545.6 


69.5 KBTU/SQFT-YR NET-AREA 
202.0 KBTU/SQFT-YR NET-AREA 
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ESTCP-MCLB Albany-Bldg 3700(2012-06-12) 


REPORT- PS-B Utility and Fuel Use Summary 


MCLB - Albany,GA - B3700 
GHP HVAC System 


DOE-2.2-48y 1/27/2017 9:59:18 BDL RUN 6 


WEATHER FILE- ALBANY DOUGHERTY GA 


JAN FEB MAR 

EM2- ELECTRICITY 

KWH 103610. 97192. 115167. 
MAX KW 333.6 333.6 333.8 
DAY/HR 27/16 23/12 23/16 
EMi ELECTRICITY 

KWH 149489. 138207. 152889. 
MAX KW 311.1 315.8 306.7 
DAY/HR 6/16 28/16 26/17 
FM2- NATURAL-GAS 

THERM 438. 415. 499. 
MAX THERM/HR 2.1 2.1 2.1 
DAY/HR 11/10 14/10 2/10 
FM1 NATURAL-GAS 

THERM Qo. 0. 0. 
MAX THERM/HR 0.0 0.0 0.0 
DAY/HR 0/ 0 0/ 0 0/ 0 


APR MAY JUN JUL AUG SEP oct NOV DEC TOTAL 
102745. 111322. 110499. 103699. 115236. 102770. 107476. 102714. 103648. 1276078. 
333.7 334.1 334.0 334.0 333.9 334.0 333.8 333.8 333.6 334.1 
26/16 24/16 15/16 20/15 30/16 21/16 6/14 8/15 14/16 5/24 
140782. 166729. 189159. 206396. 198530. 179260. 163140. 141834. 164262. 1990676. 
321.3 355.2 390.6 399.2 396.6 388.3 392.0 317.1 334.8 399.2 
30/17 16/15 15/16 21/14 31/14 1/16 6/14 9/14 8/16 7/21 
437. 479. 478. 438. 499. 437. 459. 437. 438. 5456. 
2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 
5/10 4/10 1/10 27/10 16/10 26/10 17/10 3/10 20/10 12/20 
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 
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ESTCP-MCLB Albany-Bldg 3700(2012-06-12) 


REPORT- BEPS Building Energy Performance 


EM2- ELECTRICITY 
MBTU 1102.0 


EMi ELECTRICITY 
MBTU 0.0 


FM2- NATURAL-GAS 
MBTU 0.0 


FM1 NATURAL-GAS 
MBTU 0.0 


MBTU 1102.0 


TOTAL SITE ENERGY 
TOTAL SOURCE ENERGY 


PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE 


MCLB - Albany,GA - B3700 
ASHP HVAC System 


TASK MISC SPACE SPACE HEAT PUMPS 
LIGHTS EQUIP HEATING COOLING REJECT & AUX 
0.0 3218.0 0.0 29.7 0.0 3.5 
0.0 0.0 2197.0 5285.0 0.0 80.4 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 


0.0 3218.0 2197.0 5315.0 0.0 83.9 


13448.20 MBTU 
39253.40 MBTU 


PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED 
HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE 
HOURS ANY ZONE BELOW HEATING THROTTLING RANGE 


NOTE: 


79.9 KBTU/SQFT-YR GROSS-AREA 
233.2 KBTU/SQFT-YR GROSS-AREA 


ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES. 


DOE-2.2-48y 


1/27/2017 


9:55:42 BDL RUN 5 


WEATHER FILE- ALBANY DOUGHERTY GA 


NT REFRIG HT PUMP 
NS DISPLAY SUPPLEM 
3.0 0.0 0.0 
4.7 0.0 0.0 
0.0 0.0 0.0 

0.0 0.0 
7.7 0.0 0.0 


20.76 
0.00 
1210 

0 


DOMEST EXT 
HOT WTR 


USAGE TOTAL 
0 0.0 4355.7 
to) 0.0 8546.9 
545.6 0.0 545.6 


79.9 KBTU/SQFT-YR NET-AREA 
233.2 KBTU/SQFT-YR NET-AREA 
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ESTCP-MCLB Albany-Bldg 3700(2012-06-12) 


REPORT- PS-B Utility and Fuel Use Summary 


MCLB - Albany,GA - B3700 
ASHP HVAC System 


DOE-2.2-48y 1/27/2017 9:55:42 BDL RUN 5 


WEATHER FILE- ALBANY DOUGHERTY GA 


JAN FEB MAR 

EM2- ELECTRICITY 

KWH 103624. 97205. 115181. 
MAX KW 333.6 333.6 333.8 
DAY/HR 27/16 23/12 23/16 
EMi ELECTRICITY 

KWH 189558. 172235. 187259. 
MAX KW 461.9 426.7 408.4 
DAY/HR 1/1 20/14 26/17 
FM2- NATURAL-GAS 

THERM 438. 415. 499. 
MAX THERM/HR 2.1 2.1 2.1 
DAY/HR 11/10 14/10 2/10 
FM1 NATURAL-GAS 

THERM Qo. 0. 0. 
MAX THERM/HR 0.0 0.0 0.0 
DAY/HR 0/ 0 0/ 0 0/ 0 


APR MAY JUN JUL AUG SEP oct NOV DEC TOTAL 
102757. 111333. 110509. 103709. 115246. 102780. 107487. 102726. 103662. 1276218. 
333.7 334.1 334.0 334.0 333.9 334.0 333.9 333.8 333.6 334.1 
26/16 24/16 15/16 20/15 30/16 21/16 6/14 8/15 14/16 5/24 
167451. 204018. 247170. 277353. 257290. 227786. 199264. 167008. 207854. 2504246. 
437.8 502.2 577.2 594.3 564.9 552.7 551.3 380.5 427.0 594.3 
30/17 16/16 15/16 21/14 30/17 13/15 6/14 11/13 26/ 1 7/21 
437. 479. 478. 438. 499. 437. 459. 437. 438. 5456. 
2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 
5/10 4/10 1/10 27/10 16/10 26/10 17/10 3/10 20/10 12/20 
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 
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ESTCP-Ft Benning-Bldg 3215 (13-08-02)Rev Existing HVAC System 


REPORT- BEPS Building Energy Performance 


2-Pipe System 


Fort Benning, GA - B3215 


DOE-2. 


2-48y 1/26/2017 16:03:05 BDL RUN 7 


WEATHER FILE- Columbus GA TMY2 


LIGHTS 


EM2 ELECTRICITY 
MBTU 141.1 


EMi ELECTRICITY 
MBTU 0.0 


FM1 NATURAL-GAS 
MBTU 0.0 


TASK MISC SPACE SPACE HEAT PUMPS 
LIGHTS EQUIP HEATING COOLING REJECT & AUX 


0.0 127.2 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 133.8 17.1 33.5 
0.0 0.0 141.7 0.0 0.0 0.0 


FANS D. 


MBTU 141.1 0.0 127.2 141.7 133.8 17.1 33.5 253.8 
TOTAL SITE ENERGY 856.66 MBTU 88.8 KBTU/SQFT-YR GROSS-AREA 
TOTAL SOURCE ENERGY 2286.52 MBTU 237.1 KBTU/SQFT-YR GROSS-AREA 
PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 0.00 
PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED = 0.00 
HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE = to) 
HOURS ANY ZONE BELOW HEATING THROTTLING RANGE = 0 


NOTE: 


ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES. 


REFRIG HT PUMP DOMEST EXT 
ISPLAY SUPPLEM HOT WTR USAGE TOTAL 


0.0 0.0 8.6 0.0 276.8 
0.0 0.0 0.0 0.0 438.2 


0.0 0.0 0.0 0.0 141.7 


0.0 0.0 8.6 0.0 856.7 


88.8 KBTU/SQFT-YR NET-AREA 
237.1 KBTU/SQFT-YR NET-AREA 
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Fort Benning, GA - B3215 
Existing HVAC System 
2-Pipe System 


ESTCP-Ft Benning-Bldg 3215 (13-08-02)Rev DOE-2.2-48y 1/26/2017 16:03:05 BDL RUN 7 


REPORT- PS-B Utility and Fuel Use Summary WEATHER FILE- Columbus GA TMY2 
JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC TOTAL 

EM2 ELECTRICITY 

KWH 6805. 6164. 6815. 7129. 7113. 6459. 7087. 7076. 6439. 7086. 6130. 6792. 81094. 
MAX KW 25.6 25.7 25.7 25.7 25.6 25.5 25.5 25.4 25.4 25.5 25.5 25.6 25.7 
DAY/HR 28/10 4/10 13/10 1/10 13/10 3/10 1/10 12/10 19/10 31/10 18/10 2/10 3/13 
EM1 ELECTRICITY 

KWH 6489. 5853. 6428. 6208. 13317. 15484. 17543. 17467. 15524. 11378. 6228. 6461. 128379. 
MAX KW 8.7 8.7 8.7 23.8 30.3 29.5 30.5 31.0 28.4 25.5 8.7 8.7 31.0 
DAY/HR aa aa w/a 30/ 1 30/17 19/17 2/17 20/17 20/17 18/17 1/ 2 1/1 8/20 
FM1 NATURAL-GAS 

THERM 414. 306. 155. 73. 0. 0. 0. 0. 0. 1. 176. 292. 1417. 
MAX THERM/HR 1.7 2.2 0.9 0.6 0.0 0.0 0.0 0.0 0.0 0.6 0.9 1.3 2.2 
DAY/HR 28/ 8 4/ 8 13/ 8 1/ 8 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 31/1 24/ 7 2/ 8 2/ 4 
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ESTCP-Ft Benning-Bldg 3215 (13-08-02)Rev Modified Existing HVAC 


REPORT- BEPS Building Energy Performance 


System to 4-Pipe System 


Fort Benning, GA - B3215 


DOE-2. 


2-48y 1/26/2017 16:13:19 BDL RUN 7 


WEATHER FILE- Columbus GA TMY2 


LIGHTS 


EM2 ELECTRICITY 
MBTU 141.1 


EMi ELECTRICITY 
MBTU 0.0 


FM1 NATURAL-GAS 
MBTU 0.0 


TASK MISC SPACE SPACE HEAT PUMPS 
LIGHTS EQUIP HEATING COOLING REJECT & AUX 


0.0 127.2 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 162.5 18.1 49.5 
0.0 0.0 155.3 0.0 0.0 0.0 


FANS D. 


MBTU 141.1 0.0 127.2 155.3 162.5 18.1 49.5 253.8 
TOTAL SITE ENERGY 915.93 MBTU 95.0 KBTU/SQFT-YR GROSS-AREA 
TOTAL SOURCE ENERGY 2437.24 MBTU 252.8 KBTU/SQFT-YR GROSS-AREA 
PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 0.00 
PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED = 0.00 
HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE = to) 
HOURS ANY ZONE BELOW HEATING THROTTLING RANGE = 0 


NOTE: 


ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES. 


REFRIG HT PUMP DOMEST EXT 
ISPLAY SUPPLEM HOT WTR USAGE TOTAL 


0.0 0.0 8.6 0.0 276.8 
0.0 0.0 0.0 0.0 483.9 


0.0 0.0 0.0 0.0 155.3 


0.0 0.0 8.6 0.0 915.9 


95.0 KBTU/SQFT-YR NET-AREA 
252.8 KBTU/SQFT-YR NET-AREA 
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ESTCP-Ft Benning-Bldg 3215 (13-08-02)Rev 


REPORT- PS-B Utility and Fuel Use Summary 


Fort Benning, GA - B3215 
Modified Existing HVAC 
System to 4-Pipe System 


DOE-2.2-48y 


1/26/2017 16:13 


WEATHER FILE- Columbus 


:19 BDL RUN 7 


JAN 
EM2 ELECTRICITY 
KWH 6805 
MAX KW 25.6 
DAY/HR 28/10 
EMi ELECTRICITY 
KWH 7055 
MAX KW 16.2 
DAY/HR 30/17 
FM1 NATURAL-GAS 
THERM 421. 
MAX THERM/HR 1.7 
DAY/HR 28/ 8 


MAR APR MAY JUN JUL 
6816. 7130 7113 6459 7087 
25.7 25.7 25.6 25.5 25.5 
12/10 1/10 13/10 3/10 1/10 
9119. 11136. 13381 15596. 17659. 
20.5 23.6 30.6 29.8 30.7 
29/17 9/18 30/17 19/17 2/17 
174. 63. 17. 0. Q. 
0.9 0.7 0.7 0.0 0.0 
13/ 8 21/23 13/ 4 0/ 0 0/ 0 


AUG SEP 

7076. 643 

25.4 25 

12/10 19/ 

17576. 1563 

31.0 28 

20/17 20/ 
0. 

0.0 0. 

0/ 0 0/ 


oct NOV 

9 7086 6131 
4 25.5 25.5 
10 31/10 18/10 
1. 11518. 8731 
4 25.5 21.7 
17 18/17 15/17 
Q. 67. 194. 
to) 0.7 0.9 
to) 26/21 24/ 7 


GA TMY2 
DEC TOTAL 
6792 81097 
25.6 25.7 
2/10 3/12 
7766 141775. 
19.1 31.0 
30/17 8/20 
302. 1553. 
1.4 2.2 
2/ 8 2/ 4 
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ESTCP-Ft Benning-Bldg 3215 (13-08-02)Rev Fort Benning, GA ~ B3215 


2-48y 1/29/2017 9:52:03 BDL RUN 4 


WEATHER FILE- Columbus GA TMY2 


REFRIG HT PUMP DOMEST EXT 
ISPLAY SUPPLEM HOT WTR USAGE 


0.0 0.0 8.6 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 


61.5 KBTU/SQFT-YR NET-AREA 
184.5 KBTU/SQFT-YR NET-AREA 


TOTAL 


276.8 


316.3 


593.0 


DOE-2. 
REPORT- BEPS Building Energy Performance GHP HVAC System 
TASK MISC SPACE SPACE HEAT PUMPS VENT 
LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS D 
EM2 ELECTRICITY 
MBTU 141.1 0.0 127.2 0.0 0.0 0.0 0.0 0.0 
EM1 ELECTRICITY 
MBTU 0.0 0.0 0.0 8.0 123.2 0.0 28.9 156.1 
FM1 NATURAL-GAS 
MBTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
MBTU 141.1 0.0 127.2 8.0 123.2 0.0 28.9 156.1 
TOTAL SITE ENERGY 593.04 MBTU 61.5 KBTU/SQFT-YR GROSS-AREA 
TOTAL SOURCE ENERGY 1779.13 MBTU 184.5 KBTU/SQFT-YR GROSS-AREA 
PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 0.87 
PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED = 0.00 
HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE = 76 
HOURS ANY ZONE BELOW HEATING THROTTLING RANGE = 0 


NOTE: 


ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES. 
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Fort Benning, GA = B3215 DOE-2.2-48y 1/29/2017 9:52:03 BDL RUN 4 
GHP HVAC System 


ESTCP-Ft Benning-Bldg 3215 (13-08-02)Rev 


REPORT- PS-B Utility and Fuel Use Summary WEATHER FILE- Columbus GA TMY2 
JAN FEB MAR APR MAY JUN JUL AUG SEP oct NOV DEC TOTAL 

EM2 ELECTRICITY 

KWH 6807. 6165. 6816. 7130. 7112. 6458. 7086. 7075. 6438. 7085. 6131. 6793. 81098. 
MAX KW 25.6 25.7 25.7 25.7 25.6 25.5 25.5 25.4 25.4 25.5 25.5 25.6 25.7 
DAY/HR 28/10 5/10 13/10 1/10 13/10 3/10 1/10 12/10 30/10 7/10 25/10 18/10 3/13 
EM1 ELECTRICITY 

KWH 5424. 4391. 5087. 6626. 8414. 10494. 12395. 12272. 10741. 7041. 4999. 4780. 92664. 
MAX KW 13.0 14.4 15.7 18.3 21.7 21.8 22.1 22.4 21.8 20.0 15.8 13.6 22.4 
DAY/HR 27/ 8 4/ 8 28/17 9/17 30/17 21/17 3/14 20/14 20/17 11/17 15/16 31/16 8/20 
FM1 NATURAL-GAS 

THERM 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
MAX THERM/HR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
DAY/HR 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 
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ESTCP-Ft Benning-Bldg 3215 (13-08-02)Rev 


REPORT- BEPS Building Energy Performance 


ASHP HVAC System 


Fort Benning, GA - B3215 


DOE-2. 


TASK MISC SPACE SPACE HEAT PUMPS VENT 
LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS D. 
EM2 ELECTRICITY 
MBTU 141.1 0.0 127.2 0.0 0.0 0.0 0.0 0.0 
EMi ELECTRICITY 
MBTU 0.0 0.0 0.0 27.6 189.4 0.0 1.2 156.1 
FM1 NATURAL-GAS 
MBTU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
MBTU 141.1 0.0 127.2 27.6 189.4 0.0 1.2 156.1 
TOTAL SITE ENERGY 653.54 MBTU 67.8 KBTU/SQFT-YR GROSS-AREA 
TOTAL SOURCE ENERGY 1960.62 MBTU 203.3 KBTU/SQFT-YR GROSS-AREA 
PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 0.71 
PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED = 0.00 
HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE = 62 
HOURS ANY ZONE BELOW HEATING THROTTLING RANGE = to) 


NOTE: 


ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES. 


2-48y 1/26/2017 22:28:11 BDL RUN 3 


WEATHER FILE- Columbus GA TMY2 


REFRIG HT PUMP DOMEST EXT 
ISPLAY SUPPLEM HOT WTR USAGE 


0.0 0.0 8.6 0.0 
0.0 2.3 0.0 0.0 
0.0 0.0 0.0 


67.8 KBTU/SQFT-YR NET-AREA 
203.3 KBTU/SQFT-YR NET-AREA 


TOTAL 


276.8 


376.8 


653.5 
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ESTCP-Ft Benning-Bldg 3215 (13-08-02)Rev Fort Benning, GA . B3215 DOE-2.2-48y 1/26/2017 22:28:11 BDL RUN 3 


REPORT- PS-B Utility and Fuel Use Summary ASHP HVAC System WEATHER FILE- Columbus GA TMY2 


EM2 ELECTRICITY 


KWH 6807. 6165. 6816. 7130. 7112. 6458. 7086. 7075. 6438. 7085. 6131. 6793. 81098. 
MAX KW 25.6 25.7 25.7 25.7 25.6 25.5 25.5 25.4 25.4 25.5 25.5 25.6 25.7 
DAY/HR 28/10 5/10 13/10 1/10 13/10 3/10 1/10 12/10 30/10 7/10 25/10 18/10 3/13 
EMi ELECTRICITY 

KWH 7671. 5828. 5611. 7356. 9583. 12468. 15245. 14908. 12433. 7598. 5626. 6062. 110389. 
MAX KW 35.7 45.4 19.3 24.4 31.3 31.9 31.8 32.4 30.0 26.0 18.6 24.4 45.4 
DAY/HR 27/ 8 4/ 8 28/17 5/17 30/17 20/17 9/17 20/17 20/17 11/17 15/16 18/ 8 2/ 4 
FM1 NATURAL-GAS 

THERM eo. Qo. Qo. eo. 0. eo. Q. 0. Q. 0. Qo. Q. eo. 
MAX THERM/HR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
DAY/HR 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 0/ 0 
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Fort Benning, GA - B3215 


ESTCP-Ft Benning-Bldg 3215 (13-08-02)Rev Conventional HVAC System 
REPORT- BEPS Building Energy Performance w/ local CHW and HHW 


LIGHTS 


EM2 ELECTRICITY 
MBTU 141.1 


EMi ELECTRICITY 
MBTU 0.0 


FM1 NATURAL-GAS 
MBTU 0.0 


TASK MISC SPACE SPACE HEAT PUMPS 
LIGHTS EQUIP HEATING COOLING REJECT & AUX 


0.0 127.2 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 166.3 0.0 22.6 
0.0 0.0 141.7 0.0 0.0 0.0 


DOE-2. 


FANS D. 


MBTU 141.1 0.0 127.2 141.7 166.3 0.0 22.6 253.8 
TOTAL SITE ENERGY 861.16 MBTU 89.3 KBTU/SQFT-YR GROSS-AREA 
TOTAL SOURCE ENERGY 2300.01 MBTU 238.5 KBTU/SQFT-YR GROSS-AREA 
PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 0.00 
PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED = 0.00 
HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE = 0 
HOURS ANY ZONE BELOW HEATING THROTTLING RANGE = 0 


NOTE: 


ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES. 


2-48y 1/30/2017 12:44:45 BDL RUN 1 


WEATHER FILE- Columbus GA TMY2 


REFRIG HT PUMP DOMEST EXT 
ISPLAY SUPPLEM HOT WTR USAGE TOTAL 


0.0 0.0 8.6 0.0 276.8 
0.0 0.0 0.0 0.0 442.7 


0.0 0.0 0.0 0.0 141.7 


0.0 0.0 8.6 0.0 861.2 


89.3 KBTU/SQFT-YR NET-AREA 
238.5 KBTU/SQFT-YR NET-AREA 
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ESTCP-Ft Benning-Bldg 3215 (13-08-02)Rev 


REPORT- PS-B Utility and Fuel Use Summary 


JAN 
EM2 ELECTRICITY 
KWH 6805 
MAX KW 25.6 
DAY/HR 28/10 
EMi ELECTRICITY 
KWH 6489. 
MAX KW 8.7 
DAY/HR 1/1 
FM1 NATURAL-GAS 
THERM 414. 
MAX THERM/HR 1.7 
DAY/HR 28/ 8 


Fort Benning, GA - B3215 
Conventional HVAC System 


w/ local CHW and HHW 
APR MAY JUN JUL AUG 
7129 7113 6459 7087 7076 
25.7 25.6 25.5 25.5 25.4 
1/10 13/10 3/10 1/10 12/10 
6207 13365. 15721. 18133. 17871. 
23.2 34.1 35.6 35.1 35.8 
30/ 1 30/17 20/17 9/17 20/17 
73. 0. 0. 0. 0. 
0.6 0.0 0.0 0.0 0.0 
1/ 8 0/ 0 0/ 0 0/ 0 0/ 0 


DOE-2.2-48y 


1567 
31 
20/ 


1/30/2017 


WEATHER FILE- Columbus 


oct NOV 
9 7086 6130 
4 25.5 25.5 
10 31/10 18/10 
1. 11271. 6228. 
5 27.4 8.7 
17 11/17 1/ 2 
Qo. 1 176. 
to) 0.6 0.9 
to) 31/ 1 24/ 7 


12:44:45 BDL RUN 1 


GA TMY2 
DEC TOTAL 
6792 81094 
25.6 25.7 
2/10 3/13 
6461. 129697. 

8.7 35.8 
1/1 8/20 
292. 1417. 

1.3 2.2 
2/ 8 2/ 4 
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APPENDIX K COST ANALYSIS REPORTS 


NIST BLCC 5.3-16: Comparative Analysis 
Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A 


Base Case: Conventional HVAC 
Alternative: BTES 
General Information 


c:\Users\ssullens\Desktop\2011184 - ESTCP Project\12-Final Report & 
SF-298\BLCC\ESTCP-MCLB-Demonstration. xml 


File Name: 


Date of Study: 
Project Name: 
Project Location: 
Analysis Type: 
Analyst: 

Base Date: 


Beneficial Occupancy 
Date: 


Study Period: 
Discount Rate: 


Discounting 
Convention: 


Comparison of Present-Value Costs 
PV Life-Cycle Cost 


Initial Investment Costs: 
Capital Requirements as of Base Date 
Future Costs: 
Energy Consumption Costs 
Energy Demand Charges 
Energy Utility Rebates 
Water Costs 
Routine Recurring and Non-Recurring OM&R Costs 
Major Repair and Replacements 


Residual Value at End of Study Period 


Tue Jan 31 13:02:16 EST 2017 
ESTCP-MCLB-Demonstration 
Georgia 


MILCON Analysis, Energy Project 


October 1, 2016 


October 1, 2016 


20 years © months(October 1, 2016 through September 30, 2036) 


Base Case 


$3,196, 912 


$3,688, 241 
$0 
$0 

$647, 329 
$981, 465 
$0 
$0 


Alternative 


$5,100, 000 


$2, 606, 399 
$0 
$0 
$0 
$0 
$0 
$0 


Subtotal (for Future Cost Items) 


Total PV Life-Cycle Cost 


$8,513,947 


$7,706, 399 


Net Savings from Alternative Compared with Base Case 


PV of Non-Investment Savings $2,710, 636 


- Increased Total Investment $1,903,088 


Net Savings $807,548 


3% 


Mid-Year 


Savings from Alternative 


-$1, 903, 088 


$1,081, 842 
$0 
$0 

$647, 329 
$981, 465 
$0 
$0 


$807,548 


Savings-to-Investment Ratio (SIR) 
SIR = 1.42 


Adjusted Internal Rate of Return 


AIRR = 4.84% 


Payback Period 
Estimated Years to Payback (from beginning of Beneficial Occupancy Period) 


Simple Payback occurs in year 11 

Discounted Payback occurs in year 13 

Energy Savings Summary 

Energy Savings Summary (in stated units) 


Units are not the same for each energy type; can't report energy savings. 


Energy Savings Summary (in MBtu) 


Energy 9 ---- Average Annual Consumption----- Life-Cycle 
Type Base Case Alternative Savings Savings 
Electricity 7,048.1 MBtu 5,768.2 MBtu) 1,279.8 MBtu 25,593.0 MBtu 


NaturalGas 3,944.3 MBtu ©.0 MBtu) 3,944.3 MBtu 78,875.5 MBtu 


Emissions Reduction Summary 


Energy = --= Average Annual Emissions----- Life-Cycle 
Type Base Case Alternative Reduction Reduction 
Electricity 


CO2 1,350,470.83 kg 1,105, 245.22 kg 245,225.62 kg 4,903, 840.93 kg 


SO2 6,804.97 kg 5,569.29 kg 1,235.68 kg 24,710.27 kg 

NOx 2,015.46 kg 1,649.48 kg 365.98 kg 7,318.56 kg 
Natural Gas 

Co2 208,351.88 kg 0.00 kg 208,351.88 kg 4,166, 467.19 kg 

SO2 1,681.47 kg 0.00 kg 1,681.47 kg 33,624.71 kg 

NOx 174.81 kg 0.00 kg 174.81 kg 3,495.64 kg 
Total: 


Co2 1,558,822.71 kg 1,105, 245.22 kg 453,577.50 kg 9,070, 308.12 kg 
SO2 8,486.44 kg 5,569.29 kg 2,917.15 kg 58,334.98 kg 


NOx 2,190.27 kg 1,649.48 kg 540.78 kg 10,814.20 kg 


NIST BLCC 5.3-16: Comparative Analysis 


Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpart A 


Base Case: Air Cooled CHW / Boiler HHW HVAC 
Alternative: ATES Demonstration 
General Information 


File Name: 

Date of Study: 

Project Name: 

Project Location: 

Analysis Type: 

Analyst: 

Base Date: 

Beneficial Occupancy Date: 
Study Period: 

Discount Rate: 


Discounting Convention: 


Comparison of Present-Value Costs 
PV Life-Cycle Cost 


Base Case Alternative 

Initial Investment Costs: 

Capital Requirements as of Base Date $608,375 $648, 304 
Future Costs: 

Energy Consumption Costs $144,657 $80, 330 

Energy Demand Charges $0 $0 

Energy Utility Rebates $0 $0 

Water Costs $0 $0 

Routine Recurring and Non-Recurring OM&R Costs $0 $0 

Major Repair and Replacements $0 $0 

Residual Value at End of Study Period $0 $0 

Subtotal (for Future Cost Items) $144,657 $80, 330 
Total PV Life-Cycle Cost $753,032 $728,634 


Net Savings from Alternative Compared with Base Case 


PV of Non-Investment Savings $64, 327 
- Increased Total Investment $39,929 
Net Savings $24,398 


Savings-to-Investment Ratio (SIR) 


SIR = 1.61 


Adjusted Internal Rate of Return 


AIRR = 5.49% 


Payback Period 


c:\Users\ssullens\Desktop\2011184 - ESTCP Project\12-Final Report & SF-298\BLCC\ESTCP-Benning-Demonstration. xml 


Tue Jan 31 12:11:03 EST 2017 
ESTCP - ATES Demonstration - Fort Benning 
Georgia 


MILCON Analysis, Energy Project 


October 1, 2016 

October 1, 2016 

20 years 0 months(October 1, 2016 through September 30, 2036) 
3% 


Mid-Year 


Savings from Alternative 


- $39,929 


$64,327 
$0 
$0 
$0 
$0 
$0 


$24,398 


Estimated Years to Payback (from beginning of Beneficial Occupancy Period) 


Simple Payback occurs in year 10 


Discounted Payback occurs in year 12 


Energy Savings Summary 
Energy Savings Summary (in stated units) 


Energy ----~ Average Annual Consumption----- Life-Cycle 
Type Base Case Alternative Savings Savings 
Electricity 129,697.0 kwh 79,834.0 kWh 49,863.0 kwh 997,123.5 kwh 


NaturalGas 1,413.0 Therm 


@.0 Therm 1,413.0 Therm 28,256.1 Therm 


Energy Savings Summary (in MBtu) 


Energy = -=---- Average Annual Consumption----- Life-Cycle 
Type Base Case Alternative Savings Savings 
Electricity 442.5 MBtu 272.4 MBtu 170.1 MBtu 3,402.3 MBtu 
NaturalGas 141.3 MBtu 0.0 MBtu 141.3 MBtu 2,825.6 MBtu 
Emissions Reduction Summary 
Energy -----Average Annual Emissions----- Life-Cycle 
Type Base Case Alternative Reduction Reduction 
Electricity 
C02 88,708.08 kg 54,603.58 kg 34,104.50 kg 681,996.60 
S02 594.92 kg 366.20 kg 228.72 kg 4,573.83 
NOx 109.27 kg 67.26 kg 42.01 kg 840.09 
Natural Gas 
C02 7,463.97 kg 0.00 kg 7,463.97 kg 149,258.88 
SO2 60.24 kg 0.00 kg 60.24 kg 1,204.57 
NOx 6.26 kg 0.00 kg 6.26 kg 125.23 
Total: 
C02 96,172.05 kg 54,603.58 kg 41,568.46 kg 831,255.48 
S02 655.16 kg 366.20 kg 288.96 kg 5,778.40 
NOx 115.53 kg 67.26 kg 48.27 kg 965.32 


kg 
kg 
kg 


kg 
kg 
kg 


kg 
kg 
kg 
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APPENDIX L BTES/ATES THERMAL STORAGE ANALYSIS 


L-l 


BTES THERMAL ENERGY STORAGE ANALYSIS 


Assumed or Inherent Site Properties 
C, Water 1.000 btu/b/°F 
C, Limestone 0.217 btuNb/°F 
Density Water 62.4 lb/ft? 
Density Limestone 150.0 lb/ft? 
Porosity (% H,O) 30% 
Porosity (“% Limestone) 70% 


Composite Density 123.72 lb/ft? 
Composite C, 0.4519 btuNb/°F 


400 ft. Dia. 
Underground BTES Geological Volume 210 ft. Depth 
26,389,440 : 


3,264,901,517 Ibs 


Und d BTES Geological M 
ndergroun eological Mass 1,632,451 tans Gielen) 


Heat Capacity Formula: btus =m * C, * AT 


3,264,901,517 Ibs 
0.4519 btuNb/°F 
AT= 1.0 oF 


btus= — 1,475,408,995 
kbtus = 1,475,409 per °F of rise or fall above/below its +/- 70°F 
kWh = 432,418 undisturbed deep earth temperature 

Wh= = 432,417,642 


Equiv. Energy of 9V Batteries = 96,092,809 Qty 
Equiv. Energy of 12V Batteries = 720,696 Qty 


9V = 0.500 Amp hours = 4.5 
12V Car Battery 7 50 Amp hours = 600 Wh 


ATES THERMAL ENERGY STORAGE ANALYSIS 


Assumed or Inherent Site Properties 
Specific Heat (C,) Water 1.000 btu/lb/°F 
Specific Heat (C,) Sand 0.210 btuNb/°F 
Density of Water 62.4 lb/ft? 
Density of Sand 100.0 lb/ft? 
Porosity (% H,O) 39% 
Porosity (% Limestone) 61% 


Composite Density 85.2 lb/ft : 
Composite C, 0.521 btu/Nb/°F 


6,169,500 Estimated Annual Injected Water Volume (gal) 
824,799 ft’ Water 
1,268,922 _ft*® Sand 


Underground ATES Geological & 
Hydrogeological Volume 


Underground ATES Geological and —=—:178,359,712 Ibs 
Hydrogeological Mass 89,180 tons (weight) 


Heat Capacity Formula: btus =m * C, * AT 


178,359,712 Ibs 
btu/lb/°F 
°F 


btus= = 92,963,244 
kbtus = 92,963 per °F of rise or fall above/below its +/- 70°F 
kWh = 27,246 undisturbed deep earth temperature 

Wh= = 27,245,968 


Equiv. Energy of 9V Batteries = 6,054,660 Qty 
Equiv. Energy of 12V Car Batteries = 45,410 Qty 


9V = 0.500 Amp hours = 4.5 Wh 
12V Car Battery = 50 Amp hours = 600 Wh 


